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EARTHQUAKE RESISTANCE OF ELEVATED 


By ARTHUR m C. RUGE," Assoc. AM. foc. 


The problem of building elevated tank structures that are truly earth- 


quake- -resistant is considered in detail; and a new type of constructio e 
with snubbing action, is is suggested — 


mbodying ‘inereased d flexibility combined with st 
a practical solution. "Extensive model s studies, directed toward ‘obtaining: Ey 


engineering data for "design are 


ized. 
against thquakes car be applied safely 


suggested new type of construction has 


in stress a of: at least 2 over the ‘standard type of tower. 


in whi ich ‘reproductions of actual ‘earthquake motions. were applied toa 
60 “eal, 100- ft "structure. “dangerous are 

| horizontal force of one-t the 


are iven a for desi nin 
vy design ng structu uns 


the new sonabl 
Purpose o of Paper.—Consideration of the large failures” anc 
failures elevated water-tanks during the earthquake of March 
1983, at Long Beach, Ouit,, has to: serious study of the 
these "structures by many engineers. The importance of. the 
e 


_Tesistance 0 
problem is already so well known as to require but passing comment. — 
‘the structures is in ‘itself not so very important; 


actual money value 


~panying earthquakes that the: effective v 
"Increases out of all proportion 
A very important class of elevated tank thet compr 
‘industrial plants and for ‘many 


gravity sprinkler- er-supply for 


Pro —Discussion on this paper will be closed in September, 1937, Proceedings. ORS 


ambridge, Mass. 
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“other buildings of moderate height. spr nkler tanks generally 
n height from 75 ft 
150 ft. This paper is largely concerned oh -pioetiomh that vary ‘within 
ranges of size, but more specifically. with independent tank structures 
of. all-steel construction. Some of the ‘resuts, however, obviously apply also 
to structures of reinforced concrete, ‘wood, or mixed construction. 


‘The purpose is to present the principal ager’ of an 


earthquake motions; (2) the determination of the effect of 


ear the structures by present methods of statical design; and | (3). the investiga- 
ioe img tion of a new type of tower design which was developed in the course of the 


research. That the experiments described herein were restricted to a small 
part of very” large and important field will be obvious to the 
Without a comparatively ] large fund at hand for the work, practical results 


could be obtained only by narrowing the 1 range of the research, bs 


resistant elevated water- seems to be a simple engineering problem. 


tower should present 1 no dificlty, since it is a "much 


and ‘of a mass far inferior that of a building. This kind of reasoning, 
‘ _ unfortunately, is the result of a misconception to the effect that a relatively © 


xT an el 


‘ limber, top-heavy s structure such as an elevated tank will behave | dynamically 
like a low, rigid building. Indeed, the practical treatment of earthquake-— 
resistant design from the standpoint \ of ‘dynamics has been, for the a 
of a very superficial nature in the past. The tendency has been to 
Ey simplify the design methods on the basis of intuition without first attempt: 


irst, it is important to that earthquakes manifest themselves 


motions, , rather than as as forces. expression, “earthquake 

, has become so _Widely used » that many engineers conceive of the 

of quake- -proof design a as one of simple stress analysis in hich 
the “forces” are determined definitely by the ‘violence of the earthquake a alone. he 


‘The | “forces” produced by the earthquake motion depend. primarily upon al 


the structure suffering the motion. ‘Various frequencies, 


or periods, are associated with the ‘inexorable motions of an earthquake, 


and, although | the ‘actual motions m may be highly irregular, certain period 


may sometimes ‘appear more prominently than others, 


-_ 


Pe a structure is acted upon by a ground | motion 1 which has a period five 
or six that of the ‘structure, is possible, | with 


to com s of 


the are as ar ‘masses and ‘the ground 
acceleration. This simple rule, however, cannot be extended to. structures 


as elevated water-tanks, which ich commonly: have natural periods 
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“necessary to to proceed » with extreme ‘caution; nor ¢ can. one rely u upon intuitive 
“reasoning unless it i all backed by a ‘thorough grasp of the dynamics 
& The type of tower now in common use "was not developed for earth- 
“quake ‘resistance, but merely to » fulfill the purpose of elevating the water 
i supply on a structure e which has to resist a certain ‘intensity of wind force 
in addition to carrying the vertical load. For this use it is ; practically ideal ; ~— ons 
- but there is no reason to accept it as the ideal structure for withstanding em 
which actual experience a and repented laboratory tests 
_ The dynamic behavior of elevated tanks is amenable to ‘simple 
mathematical analysis because of the complications introduced by the 
action of the water in the tank, The system is analogous to one made up 
of a a gravity pendulum suspended | at the top of ‘an elastic vertical 
frame work Fig. 1), except that the water action in the tank is” 
more complex than that of the pendulum. n It will be seen "subsequently c= 
from the experimental results that. the ‘water motion exerts a cushioning 
"effect upon the deflections in a tank tower of moderate size. ; 
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Fic. 2.—STRUCTURAL DESIGN OF PROTOTYPE 


represents the water and the tank. feature corresponds 


is 


Fi the restraining action of the tank walls upon pugs water mass which forces is 
part of the water to move with the tank as it vibrates. A simple poy a 


would approximately to a shallow, saucer- shaped tank 
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se The problem of determining the earthquake r resist 
tanks ean be solved mathematically in a qualitative only, se 
‘the mathematical process: is unknown, but because of the tremendous work 


involved in obtaining results of 


practical value to engineers. Those 
have attempted to calculate the > effects ¢ of irregular transient disturbances on 


vibrating systems will 1 reoogmine at once the advantages of the experimental 
[he model method, to be sure, is not 


ctical way to avoid mathematical difficulties, but , at present, it 


the only pra 
appears to to be the most convenient one. — The greatest advantage of the 
in interpre- 


model method lies i in its directness, with ‘the attendant simplici 


will be seen system is involved is dynamically 


The is to information which engineering significance in 
the sense of being truly” quantitative | rather ‘than merely numerically pre- 


‘cise. That there can be a a ‘tremendous difference between precision and true 


quantitativeness is a fact easily overlooked in research . Thus, the results 


Z obtained in the simple harmonic motion studies described herein can bo 


oe quantitative aspect is rather poor, because they do not directly represent _ 


the conditions set up by actual earthquakes. On the other | hand, the results _ te 


of the recorded -earthquake- motion tests, although probably. less 


Scope of the —The experimental investigation was divided into 
@) Tests of a 1: 46.5 seale model, using ‘simple harmonic 


‘motion to simulate earthquake n motion; and (2) tests of a 1: 25 scale model, 


using the horizontal ground- motion components recorded during the Long a 


Beach earthquake’ of March 10, 1933. In each part, the same model was. 


made to represent both the standard type of construction and the new type 


scope of the was, to one tanks 
d to one particular recorded earthquake motion in addition to the simple i 


armonic ‘motion studies . The first restriction was 0 necessitated by -consid- 
rations of economy; the second by ‘the that only one complete 
a violent earthquake existed at the time the research v was s conducted. 


be evident, however, ‘that the results are not so 


at to be the 
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— Considerations Retative ft tower was chosen as the 
000-gal hemi-spher d about 33 miles from the epicenter 


Several brac ing rods in the top panel were permanently stretched and one - > 
= was broken — the general design of this structure 
shown ‘ig. 2; . The results obtained therefrom, -althou ugh probably 
typical of a fairly v wide variety of _ elevated tanks, cannot be a applied 
other designs. However, they do po point to certai 


general important conclusions to the inadequacy of present design 
, 


ee by. the tower, which affect et the motion of ‘the tank as a whole. © These 


We 


two: kinds of forces interact in a complex manner v when . the tower is sub- 
_ jected to vibratory motions. — Therefore, in constructing a model of such a 

system, it is necessary to. maintain the same relation | between these two 
forces in the ‘model as exists in t the prototype if true similarity 

to be attained; that is, , gravity forces and elastic forces must be scaled down — 

in the same proportion. — This condition precludes the possibility of using a 
simple geometrically scaled model. it becomes necessary to adopt a com- 


mon artifice of model _technique—sea ale ‘distortion—to preserve 


This be _ accomplished by using different scales: for the tower and th 

tank; but there is a simpler and more practical solution 


4 As far as the interaction between the tower and the tank is concerned, i 


t is easily y seen that ‘the tower could. be “replaced by other” 


deflection per unit horizon-— 


& “fal force epplied. at the ‘without, affecting the behavior of the tank 

during an earthquake. In other words, the tower ‘merely provides a an elastic 
force proportional to the deflections of the tank, tending to restore 
to its position of statical equilibrium. In building a model , it is advan- 
ageous to make use of this fact in order to avoid a costly tower “model. x 

— which might prove to be of doubtful accuracy. / Accordingly, it was decided 

support model tank on ‘flat steel bars acting as simple vertical 
length of the bars being “made adjustable in the Jaborator: 


of the A symmetrical four 


Peary the the stiffness in one 
the “model in thai that direction. In this manner the ‘model 


can ‘made awe enough to. hold the weight, 


It is ‘not intended, of course, to 
of the prototype, because the engineer is interested 
building | structures so that they will : not be stressed above the elastic limit. 
The results of a model study of this kind, therefore, must be interpreted as 
valid for the prototype to the point where its elastic limit is reached. It is fs 
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, because the range 


each of which would have be discarded as soon as its 
__ The point next in importance | to be ‘considered is nee of scale for § 
the ‘model. Ther is no simple rule for the determination of ‘consti- 
tutes the ideal | scale. The upper limit of model size is fixed largely by | 
considerations of laboratory convenience, ‘expense, and capacity of the ‘avail- 2 
able testing equipment. 55 In the lower limit: the choice. of scale is restricted 
by the difficulties in recording ‘the minute ‘motions accurately and also in 
controlling the testing conditions. Other difficulties with very small scale 


more difficult. Traffic: vibrations also are “to become 


After considerable study it appeared that a scale of about. 11 to 50 would 
be satisfactory. This proved to be ‘the case. The model of the tank itself 
vas made of No. 26 gage, sheet aluminum, the bottom and roof being spun 


bait 


It will be seen ons the 


_strenoth conditions in a model of experimentation mid legs 
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3.—Mopgn on Fixep SHOWING ARRANGEMENTS FoR ADJUSTING 
the joints rolled together. The resulting tank model gave the proper 
ratio between weight of shell and weight of water, which is a —Tecessary 
complete model mounted on a stationa = 
eal . ment and free vibration tests is shown in Fig. = 


= are clamped at ‘the base so that the stit ness of the owe 
easily adjusted t to > the desired value. T The method of determining the weal ste 


center of gravity of the t by means of a weight-and- pulley 
‘resulting deflection of the tank being measured by a micrometer 
reading on a fine scratch o on an attached 
; “wl soldered to the top of the in and to the. bracket on the tank, Each | hinge — 
“consisted of a strip of spring steel, 0.003. in. thick, having an unsupported 
length « of abou t 0. 01 in. This type of hinge is practically frictionless and, 
the same time, remarkably rugged. It exhibited no deterioration during 
entire set of tests. The tank bracket was riveted to the shell. 
Tt ‘should be re remarked that in determining the ‘stiffness: of ‘the model 
3 ‘ower it is necessary to. have the proper quantity of water, , or equivalent 
weight, in the model tank, because the vertical load on the legs has | an 
effect upon their stiffness which needs” tok be considered. following 
relations between and prototype are easily “deduced model 
If the length scale the time s ecale = = and the ‘stiffness 


str 
for ‘the tower, = = actual model the length scale, was 


weights, in ‘pounds, shows relations Detween. labora 


‘otal concentrated weight at 


= 


"Weight of water n model 


r in 


Total concentrated weight at ‘center of eravity 
of tank. | model weight: with 
the prototype weight; thus: 5.39 x (46.5) 


tiffness of prototype tower (calculated), i in pounds 
per inch of deflection at center of gravity of tank. 16 000 ae 


Stiffness of model tower (as adjusted in laboratory), ne Sai 
in pounds per inch of deflection at center of 
an x (46.8) = 15 
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“The angular tilt of ‘the: ‘tonk also “computed ‘and 


rotation “not be considered in building the which 

simplifies the laboratory work permitting the “use vertical 

artificial earthquake motion to be applied to to the model in order to irom | 


given earthquake. For: instance, an earthquake i Nature, having 

eriod of of sec a and an 2 in., would be simulated in model 
a having a period sec. and an amplitude o of —— 


shaking- table was loaded with dead weight of approximatel; 
Ib, SO that the mo odel weight w was less than one-fifteenth of the dead weight 


of the the table. is an important consideration | ‘this: “ratio is 


not made large, the ‘reactions of the model mz may seriously affect the table 
“motion. Of course, in the region of resonance this effect is. “unavoidable, 

but duri g ‘the Eg stages of the motion the effect of the model on | 


it is the 


erms the full- sized s 


is quite ‘simple. is so that its deflections ar 
to those of the “prototype. according to the length and time soni, 
the deflections that would exist at any instant in the full-s 
structure may be determined easily. ‘Having once computed the stresses in 
tower, corresponding to known, deflection, the determination of the 

magnitude of the ‘stresses: at any given instant a matter of simple 
, It is s obvious, then, that a record of the motion of the ‘model ae 
relative to its b base sufficient for the determination of both the stresses 
‘and deflections that would be produced in the prototype, as the 


the table motion, is modified damping that, 
over a range of 15 or 20° cycles, the attenuation is quite negligible. When 


a model is placed | upon the table, _ the record of the table motion appears 
as damped cosine wave. This is due to part of the 


“energy of the table by the ‘model. 


The range of periods chosen for 
of earthquake frequencies, considerable. yet to 
learned about the 1 upper and lower limits of earthanake, periods, Apparently, 


‘destructive sare approximately 0.75 “see to 


1. 5 sec, are be based largely on 
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of which fall close to that range. not to be however, 
that severe of ‘much longer periods do exist during | severe 


first appear. An ‘effort has to as as prac-— 


= 
ticable with “Symbols: for Mechanics, Structural Engineering, and ‘Testing 
Materials”,” compiled by a committee of the American Standards Associa- 


tion, with Society representation, and ‘approved by the Association in 1932. ie: 
“3 Functions of the “Dummy Tank”. —It was ci considered to be of interest to. 
compare t he behavior of the ‘actual water- tank with that of an equivalent 


hy 


‘solid mass in order to determine ‘the effect. of the water on the ‘motions. — 
Consequently, a small inverted pendulum constructed and its: period 


adjusted to the ‘proper value. This pendulum is referred to as the 
“dummy tank” because it behaves in exactly the same manner as the actual Ee 
tank if the water was replaced a solid dummy mass of equal weight. 
other words, the motions of the dummy tank represent the effects: of 


quakes upon a water- tank which is frozen solid. 


dummy tank was made to serve snother “purpose at 


=) 
. 


any time. Since dummy. ‘and the tank were always 


ted simultaneously, it i is ‘safe to assume that if the theoretical dummy ; 
n checks the recorded motion ‘satisfactorily, the motions of the the ‘actual ; 


5 


motion corded 


R 


per natural p 


plus (assumed to be 

and k = factor of tower 


Betions: = 1.863 sec for he pro 
the time ‘seale i is NX : 6. 82, = 1. 863° + 6. 82 


odel.. The rectness of the model- seale ‘relations is 
using the model constants; 


pendulum we 


is easily dynamic Tesponse of a -pendult um 


_& Therefore, not “necessary to make the mass and spring 
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P, for the dummy pendulum is found as 
weight of tan — 
g acceleration due to gravity; | — 
force per unit deflection) Fro 
otype. Then, 
38sec for the 
adjusted by trial to a period of 
— 
— 


factor of 
pendulum made a small 1 “mass ss (about 0.5 Tb) at the top 


ee of a vertical flat steel bar. ii This type of small pendulum was adopted in 
order to reduce the of the models upon the table motion to 


wes 


Laboratory /Procedure.— ~The laboratory work divided into two 


parts—free vibration tests and shaking-table tests. In the free vibration 
tests, the model was mounted on a ‘rigid stationary table and the tests were 


made by suddenly releasing the model from a pulled-back position. 5" Te 


resulting Motions o of tank were recorded photographically. Fig. 3 sh shows 

general arrangement used for recording the free vibrations. The pull 
back and release were accomplished by means of standard link fuses. One 

_ end of the fuse was clamped to a ‘small bracket (see at the top of the left =a 


tower leg) ; the other end vy was clamped to a a bracket attached to the table, 


acd latter bracket being arranged with | Screw adjustment to permit vary- 
_ ing the amount of pull- back at will. 4 The shield over the fuse kept the Tight 
the flash from m striking the recording paper. er, 110- volt circuit, shorted 


across the fuse, ‘gave a very fast ‘release. 


At the right of the tank isa swiveled m mirror ‘and lens to trace 


the recording mirror is another lens for the 


— 


vals which are marked by the passage of a ‘periodic electric spark. The ae 


spark-gap is shielded, but the terminals: where the leads connect may be 


4 


The table motions were produced in a ‘manner similar to 
of the free’ vibrations, except that it was necessary to o use a short length. of 
resistance wire, ‘instead of a | Tink fuse, in order, to deflect 1 the stiff springs 
of the table. "special form of wire link was developed for this 


which proved to disintegrate very rapidly under a 110- volt current with 


no detectable effect upon the table ‘motion. ‘This was a accomplished by 
reducing the length « of f the wire to be burned to about at in 
‘The set- -up for” ‘the shaking- table test has been amply described else- 
Paget ; _ The table itself was suspended entirely by piano wires and actuated 


recorded the motions of the tank ‘relative to the shaking-table (the deflec- 
ions); and the third recorded the deflections of the denny pendulum 
relative to the table. fourth Jens system the time marks. 


made bromide paper. 


‘Fig. 4 represents a part of a ‘The: axes of “the 


motions were separated purposely for the sake of ease in reading the records. 


“es Engineering August, 1935 D. 458 Fig. 7 
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2 
Just | releasing the table, 


on, and the timer off, to provide base lines for deflections. 


in long) being made | NN able 
Tank 


was necessary to time 


the | TN Wil 
ure carefully to a hil 


Table 
Tank 23.6 


lease, lights, timer, and recording drum, is seen in ‘Fig. Cages 


“Pree Vibration Characteristics. —As ‘the pull -back amplitude i is 
resulting free vibrations prove to be very uniform _in character. Analysis of 


the ) records shows the system to be remarkably | linear, in view of the com- 
plex: action of. the water inside the tank. 5 isa plot showing v various 
‘successive regs amplitudes of free vibration, ¢ expressed in | terms of the 
‘percentage of the origi inal pull- back before “releasing. this and al 
eeding diagrams all data are given in terms of the fi full- “sized tank 
order to avoid confusion : as ‘to scale relations. In a perfectly linear system 
as one made u up of springs weights, these” -eurves would all be 
horizontal straight lines. In the water- tank the curves: are quite straight, 


“but all show more o or less deviation from the horizontal. _ However, the 


Initial Pull: Beck, at Center of Gravity of Full-Sized Tink | ‘in Inches 


quite wie: On the basis of this observation « ne m ght expect that the 


curves in Fig. 5 are not extended below deflections of 2 in, 
all the charac teristics of 
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as 5 or 6 It is pe be true wher 
t is realized that, corresponding to a pull-b: back in Nature of in, the 


model is pulled back only 0.02 in. The energy: stored in the model tower for 
this pull- back amounts to 0.0016 in-lb. An short lag during the 


‘melting of the fuse is sufficient to produce considerable chang 


; 
te stored energy before the model is entirely free. 
In the records of free vibration two periods stand out. distinctly, although 3 
moti nm is not quite the sum of two simple harmonic motions. — The , 5 
si wer mode of vibration consists principally of a swinging motion of the 4 
water within the tank. A slight movement of the tower accompanies s this 
mod second and faster mode consists of swaying: back and forth 


aya the tank as a ‘whole, while a large part of t the water moves, with the 
ank. ‘This mode the : action of a a simple inverted pendulum. ‘These 


periods estimated the records: _to be sec and 0.24 
‘respectively, for the model. (The corresponding periods for the full- -sized 


~ it is interesting ‘to compare these periods” with that of the dummy tank 
pee’ which has a period of 0.27 sec. sec. The change from 0.27 to 0.24 sec c and 
ae the addition of the ‘secondary period of 0.39 sec are created entirely by the 


freedom of the water ‘to ‘move relative to the “tank, 


order to verify the accuracy of the model and 


w 


um Deflection of Tank or 


jaxirry 


sawdust, of volume and. weight equal to that of the pin (6. 00 Ib). This 

mixture was solid: enough to act as an inert" mass" in the tank so that it 

duplicated ‘the conditions « assumed for computing the dummy tank. ‘The: 

period of vibration as determined from these tests ‘was s found to be 0. 272 see 

as compared with the 0.273 sec calculated. The damping ratio of this 


system | was also” investigated and found to be small “(less than 1. 015), , show: 
ing that the method d of mounting the model was ‘satisfactory. 
Forced Vibration Characteristics. —In analyzing results: 5 of shaking: 
table tests in which transient vibrations a are as well” s forced ; 

_ vibrations, it is necessary to ; introduce the 1e conception of the duration of the b 


motion addition to its period and amplitude, For example, it is. not 
sufficient 1 to be able state merely that a certain ground period and 


amplitude will produce so large a maximum stress without at the same ‘time 


able to” state the duration of motion required to produce this stress; 7 


earthquake motions are of a transitory nature and it is doubtful whether a 
“succession of. ‘a larger number of similar waves ever occurs. 


the data have bi been ‘studied in 1 the Tight | of the: maximum ‘Stresses (or deflec- 


the ground cycles “elapsed “since e the start: ‘of the motion. 
‘the matter than one 


that 
test interest 
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the shaking- -table tests: in a 


form. The n maximum amplitudes o of the tank © and dummy are me 


r 


LEGEND oF 
Dummy Tank 


P, Etc., Indicates Number of Ground — 
“Periods After Beginning of Motion. 
all Quantities Apply” to the Fu Full-Sized Tank 


Result Based on Constant 
Acceleration Method 


IG. 6.— OF SHAKING-TABLE (MAXIMUM ERATION 
Gravity; FOR VALUES USE DIRECT PROPORTION) 


- ground constant at 3% of that due 1 to gravity. _ (These data are given in 
terms of the maximum ground acceleration because many engineers. are 


“accustomed to compute earthquake stresses on the basis of acceleration alone. eae 
The value, 8% of gravity, was chosen as a base for plotting the results 


“because the structure would have | a safety factor of 2 when subjected to | 


constant horizontal acceleration, 0. 03 g; that is, according to the | 

"method of earthquake design the structure would have a safety fe 

for any earth uake a maximum acceleration 0.0 sg.) B 
q 


the: system was 
values acceleration "proportion. Of course, this is “slightly” 


ap approximate at on the curves and probably would no not hold 
_ for very large accelerations (say, 0.15 g) even if the elastic 
limit point were indefinitely high, 


One « the m most ‘outstanding: characteristics of ‘these curves s is 


extreme difference between the form of the early maximum curves and that, 
found in n the absolute e maximum ¢ curves. First considering the actual tank, 
one notes in the absolute 
esonance points. 
in the free maxima 


the 
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results, If Fig. 6 is replotted, Lining the ‘ound Penatndaas constant ; instead 


of the ‘maximum acceleration, it will be found that the maxima then 
4 appear at the natural ‘periods of the | system.) The resonance ‘Point corre: 
% “ai sponding to the natural period of the water is s suppressed, a ‘natural ‘result 
ze of the non- -linearity i in this region. — In the early stages of the motion, these 
—. | resonance points: “are almost entirely obscured by the presence of the 

Equally outstanding in Fig. 6 is the rapid building ‘up the 
t 
deflections, ¢ even at ; ground periods well. away from the resonance points, “A 
; of the curves fo P and 2 He is obviously great sighificence, 
Ns The r response curves © s for ‘the dummy tank begin with a ‘pattern roughl a 
im to that of the water- -tank; - but, as the duration of the motion is pro- 
_— longed, the curves for the dummy tank approach a form having a single 

-yesonance point corresponding its single natural ‘period. The generally 


er deflections of the dummy are clearly shown in Fig. 6. 5 Se ey 


‘The e elastic- -limit deflection and the deflection resulting from the appli 
cation of a horizontal fo force equal - to 8% of the | dead 1 weight acting at the 
 eenter of /spatitad ity of the e tank, are also shown in Fig. 6 to form | @ basis for 
‘with Results the ‘Statical: ‘Method o Earthquake Stress 


sis—The results given by simple statical theory. are shown | on 1 Fig 6, 


i a more direct comparison between the actual conditions | and the simple 
Fig. The maximum acceleration of the 


ine and Two Complete Ground 


p Rods During O 


To 


Fra. 7. —Comranisox WITH SIMPL THEORY OF DpsiGN 


(expressed as a percentage of gravity) necessary produce elastic- limit 


stresses during one and two ground vibrations is plotted as a function of the 3 
It is obvious that: the simple based on 


es. 
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curves cross in the visinity of the ‘1-see ground period, but this i 
on 


theory is based. The this type of ‘tower is strikingly 


se Conclusions Pertaining to ‘the Standard Design. —The “most important 
he -eonclusion to be drawn from the results of this p part of the research concerns" ‘% 
a “the e inadequacy of the generally accepted method of designing elevated tank ee 


towers against earthquakes. — it is clearly ‘shown that the assumption of a 
static horizontal force proportional to the n Maximum ground acceleration 
to large errors over practically the entire band of possible earthquake 


frequencies. If earthquakes did not exhibit perio ods shorter than | 5 or 6 sec, 


aa § the fixed-force method of analysis could be considered fairly satisfactory for 

ly tank design provided a reasonable factor of safety ‘was s adopted. Unfortu- 

“is nately, the more violent motions of the ground during an earthquake are 

le known A ‘contain periods: considerably shorter It would be possible, of 

ly ; course, , to make the simple theory fit elevated tank design fairly well by 

4 building the towers « of such stiffness that the natural period of the structure © i a 
is would be shortened, say, to 0.25 secs | but with a mass of 500 000 Ib elevated ee 


approximately ft above the ground, such a design would be 
expensive. In other words, unless the natu aral period of the structure eee ot 
be reduced to at least one-third or one-fourth that of the shortest 


s earthquake period to be expected, the dynamical effect of the ground motion 

Tt will have been observed from Figs. 6 and 7 that the effects of earth- ME 


Z quakes upon the structure are expressed in terms of motions or deflections be i 
Fa the unit stresses _ produced by these motions being incidental to them and 


not controlling them. It may be seen that, in ‘any given tank tower, 


Bi best effect that can be had from a moderate amount of strengthening is Ba 


j obtained by strengthening those members which are inherently. weak until 


all the members 0 of the structure reach ultimate stresses simultaneously. 


ft 
Then the structure achieves the maximum possible safe defection; this 


‘Means: that, for the » tower studied this research, increase in the 


Site of | the rods in the upper panels would strengthen the tower ‘dynamically 
) some extent (since they are the highest stressed rods) but that, para-— 
FS doxically enough, if, all th the rods w were increased i in cross-section | by the 


a 


same percentage, ‘the tower would have the same strength | dynamically as it 
had originally, because the safe deflection would be unchanged. 


The conclusion that: large tower deflections: ean be produced short 


‘Periods of time over a wide range of earthquake frequencies i is obvious from 
the data a of Fig. 6. ‘This conclusion leads further to the consideration that an 


actual: earthquake motion m may introduce dangerously large amplitudes even 


‘if the condition o of resonance or ‘near resonance is entirely lacking. gaze 


It is. clear that although ‘they indicate in a way the effect to 

expected, the simple harmonic “motion tests do not offer a ‘Practical 

| Means of arriving | at quantitative engineering data on the effects of actual — 

“earthquake | motion. On the basis of the familiar Fourier harmonic beara 
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the test can be regarded as as a a reliable “measuring stick” 
2 for ‘comparing the dynamic behavior of one system with that of another 


system; but beyond demonstrating the possibility of the ‘process mathe- 
matically for certain one cannot practically go very far toward 


converting the results of simple harmonic motion tests in terms of the 
effect of a given earth motion. 


Considerations. Relative Development of Earthquake-Proof Tank 
— Structures—A study was made of a number of possible types of tank and 


tower construction, with a view toward ‘finding type types: suitable 


active seismic regions. Some of these types, of course, appear to be 
fantastic or _ impractical, whereas others uneconomical. Among ‘the 


may be listed ‘such as roller “supports for the founda- 

tions” or tanks, various, ways of "hanging on "suspending the’ tank so as 

~~ to decrease its vibrations, etc. mong the uneconomical designs are those 


which seek to give the structure adequate quake- resistance by providing 
an extremely stiff or rigid tower. The data in Table 1 1 will serve as an 
“illustration. Thus, it is cle ar that it is “quite une conomical to attempt 


E Dzsieys, 60 000- Gaon TANK oN 


From Cotumn Base To Batcony = 108 Fret) 


_intons, vibration 
more than period, 


Design for a constant acceleration of 0.1g|__ a 13 
Extra heavy design 3 13: 0.99 


re the natural period cannot be reduced to > about 0.5 sec, it is doubt- 
tank very ‘much more lik ‘a violent 


may ‘be and upon the | foundation ‘conditions. 
natural, conclusion. from ‘a prolonged study was ‘that, barring fan 


and impractical designs, the best way to obtain adequate quake- 
"resistance: is to provide the tower with a greater range of elasticity; that 


i ‘if the tower ‘ean be built, ‘that the safe deflections are large enough, 


there will be x no danger of failure. This not “necessarily imply that 
the tower must be extremely limber or weak, ‘although certain ‘degree 


— 
limbs 
of a 
most 
the 
— inte! 
— 
— 
— defle 
‘ 
ing 
— 
defle 
— men 
direc 
— 
— 
— 
— of 
Bes 
os 
— 
— 
— sine 
— 
bra 
* Diagonal rods, Ba 
vy tanks on to 
Bsa 
duc 
— wit 
— 
— ele 
t 
to 
— 
— 
vi 
— the 
— 
the 


rd the writer wishes | to emphasize that ‘the present, in ‘no way 

‘There ‘are ‘two general methods of increasing the allowable or elastic” 


‘deflection range of a structure such as a water-tank tower: By mak- 
ae ing the tower of some type. of E open : framework in which the forces resisting a 
deflection are pr produced by bending stresses set up in some all of the 


= members of the framework; and (2) by artificially increasing the allowable © 
le direct- stress deformations of ‘some or all of the members. of a 


determinate tower. Of course, combined ‘systems will also suffice. 
_ Method (1). —The first method has one serious drawback—if_ the — 
is made with sufficient quake resistance, the defections 


structure as. a Gf it i 


ing chances. “on near-hurricane | winds 
the bracing ‘and leave ‘nothing to resist them but the bending action of the 
‘fee (which, for towers about 100 ft high, i is | rather small if the design 
economical). replacement of bracing (or of breakable links in the 
bracing) after an earthquake does not present serious objection n. All, 
in all, it may be ‘stated that this method is least worthy o 0 erior 

consideration perhaps ‘it would be well w worth | while to "study the 
behavior of _models representing various “towers of ‘this ‘general type. 
to 


Method (2).— he second method can best be explained by reference 

; schematically a device developed ‘during this re- 


‘Fig. 8 which | illustrates: re- 
‘search. spring elements | such as “those in ‘Figs. 8(b) ar nd 8(e) are intro- 


“duced at at Points S into the bracing of the .tower (Fig. 8(a)), it wil will be > seen 


h- that the allowable elastic deflection of the tower « can be increased at will © 
within very wide limits. Furthermore, it will be noticed that ‘the spring 

it dements are provided with a means of applying arbitrary ‘initial: stresses 
the springs, so that up to the limit of the ‘initial stresses they are per 
feetly rigid, thus preventing undesirable sway of the tank from ordinary 

wind: forces. ‘When an earthquake of ‘serious “magnitude occurs, however, 
“ - the he initial stress is quickly overcome and the elements act as simple springs ba Yel 
to 0 the point | which the coils close up tight, when t they again become 
Ht that this” method of construction has the advantage over 

y high winds or or hurricanes will never 
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are large to take the Furthermore, di metry 
will not be Gorey, as as compared with the effect of of breaking the bracing 


on one 1e side of 


Z 
Z 
Y 
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git Fig. 8.—SPrRING N ‘RUCTION (SCHEMATIC) 
There are so many possible types combinations of Spring elements 
that no atte pt will be made to catalog them all. One | special type that 


s of interest, however, is shown in Fig. 9, in which a ‘damping device 
li- 


s been added to the spring ¢ element. as a means of ' decreasing the amp 
“tudes. of vibration. It is to find how little force 


type of ‘construction, where there are. no definite at on 


‘ba e design, it is desirable to investigate a ‘number of ‘possible designs 
similar conditions. To build a series of models, each representing 
variation in design, would obviously be a very expensive and difficult 


rocedure. _ ‘Therefore, it was decided to conduct this preliminary study by 


single model which could be adapted to represent, a number of 
the same time, entail — and 
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defi ction curve for the new of tower. This curve is obviously 


SSS 


Prine 
‘Fie. ELEMENT WITH ‘SPECIAL DAMPING DEVICE 


eae a practice, the sharp breaks will always be more or on ws 

due to unavoidable in building the structure end in 


‘Spring Elements 


Mo 
EQUIPPED» WITH ‘Sraing ELSMENTS om REPRESENTING VaRI- 
| Now if, it is sufficient a treat the structure as a two-dimensional prob- 
lem (as in the ‘previous tests), there is: a very simple method of building 
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its dynamical equivalent. Fig. | how the model 
simple changes: in the original model of the standard 
a & are set t to put an initial ‘stress in the flat springs, ‘By . when the system is 
in its equilibrium: position Tf, then, on one deflects: ‘the tank over the left, 

Ribbon once, and, at first, the stiffness the tower 


system is - to the point where the initial n S, is 


tension in Tre this” part of the ‘deflection the ‘model 


As ‘soon as the deflection proceeds farther to the left, the spring, 8 q 
begins” to separate from Screw a and the stiffness = the _ tower system 
Yecomes — in which 1 the term, — because 
is relative to & stiffness now remains at this value 


During ‘this: of the deflection 


ill be noted ‘that by varying the ‘settings of Screws sa and b cand the 


stiffness of Springs By By and (by altering their free lengths), a wide 
variety: of designs can easily be represented with same model. In the 
“te ast herein described, the springs, S:, were not changed since they 
‘represent the: stiffness | the structural framework of the» tower which 
would not hange ‘for the various spring-element designs veonsidered. The 
ace 
adjustments | of Si, and Ss were made independently by v using the 


ventional w weight-and- pulley loading, the deflections being read with 


micrometer microscope. ‘Then, set- and the settings: 
br of Screws a and by were made by ‘ trial and | error” "until the measured load- 


Laboratory Procedure. —The routine of -shaking- -table tests was the same 
as that described under r the heading ‘ “Standard Design.” < Several “possible 
desi ‘igns were chosen for study, each design was put “through a series 


tests in which both ‘period and amplitude ‘were 


which the > structure could: at 
12(a) characteristic ‘plot one of the designs 
For ‘comparison is shown the - “corresponding curve for the 


standard design described i Table. and 1 supporting text, 
Forced Vibration Characteri stics—A study of Figs. 10 and 12 (a) will 3 


dynamical non on-linearity. 


amplitude: when the 
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period is held constant, a as was the case with ss simple standard structure. 
This s phenomenon is due ue to the fact that the ‘natural vibration period | of 
the. structure as the of its vibration varies. at Thus, 


4ic. 


(a) TYPICAL PLOT 


___OF TEST DATA | 000 Lb 


Seconds, All Quantities Refer a b) KEY TO FULL-LIN RVE 
to the Full-Sized Structure ©) 


Maxi 


Spring Closure Deflection, C 


S— Stiffness, S, in Pounds per Inch 


7s 


Reach 
Inches 


Amplitude of Ground Required ¢ 
Elastic Limit of Tower Rods, in 


PARTIAL SUMMARY 


‘Fig. 12,—E ARTHQUAKE RESISTANCE OF D 


| 


Pe 

‘oon as the amplitude of vibration: passes over to the r ‘range, B, however, 

the natural period | becomes progressively longer with increasing amplitude 38 

because the effective stiffness (that is, the of the horizontal load to 
the corresponding deflection) becomes progressively less This’ state of 
affairs continues vibration begins to enter the 


amplitude will result in 
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However far the ‘deflection may go in the C range, the natural period 
can never be as ‘short as the the period i in the A renge. 
rds ih such a system, then, it is s obvious that the amplitude of the: ground B water: 


the ground notion is much longer natural period of the struc: 
- ture in Range A of Fig. 10. Asa ‘consequence, for r small ground amplitudes _ 


7 of this period, a very small tank deflection occurs ; ; but when the ground 


= amplitude increases enough to throw the tank amplitude into Range B, the a) 
Periods are brought closer together, and the result is a ‘sudden build- 


ing up of vibration due to a quasi- -resonance. The break-o -over at top 


oof the curve in Fig. 12(a), of course, ‘represents the disappearance of the 
quasi- resonance condition as the amplitude goes into Range Co of Fig. 10, 


will be noted at once that studies of markedly non-linear systems in 


simple motion, such as the spring- element tower designs, cannot 


of ‘actual Indeed, “these experiments were restricted to 
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ig ‘Fig. 12(c) presents a partial summary of the results of several hundred 
_ tes ts. ~ Also, shown on this diagram, for | - comparison, are the corresponding 
“results of tests on the standard design previously investigated. _ ‘These data 
are represented in ‘terms of amplitude of simple harmonic "ground 
required to. reach the elastic limit of the tower rods for various 
-ground-motion periods. The points on the “curves: in Fig. 12(c) were 
determined by the absolute maximum tank deflection reached during each 
test. Ih almost every test , however, this absolute maximum deflection was 
reached within the first two é te cycles of ground | motion, ‘Thus, if the 
data” were restricted to motions of three cycles” duration, the figure would © 
very little. The rod- bracing of tower in these tests was 
designed for a safe horizontal load of tenth the weight of the tank 
and contents acting at the center of gravity of the tank, Had the standard 
tower bracing (see dotted c curve, Fig. 12(c)) been ‘designed for the same 
oading, the ordinates would be practically unchanged in _ magnitude, but 
would be shifted a little to the left. ‘Thus, the n minimum point would move | 
a “period of 1. 6 sec to about 3 sec, with no change in magnitude, 


‘The superiority of spring element design over what is 


thought of as the principal part of the earthquake spectrum is very marked, — ; 
for earthquake periods beyond about: 38 sec the standard design com- 
Some made with a frictioning device 
order to study the effect of damping. The results indicated that surpris- 
ingly small damping forces would suffice to raise the low ‘points on the — 


“curves: well above the curve for the standard design. These tests were e not 


‘sufficiently quantitative to warrant extended discussion, 
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Pertaining | to Spring Element Desion—Thewe 1 


suggested that ‘the | new 


water-tanks. ‘The conclusions to be drawn are quite limited by the very + 


(a) for earthquakes characterized by short- -period vibrations (not more 


than about 2.50 or 3- -sec Periods) the simple spring- element design 
considered a ‘satisfactory solution. 


12(c) show ‘that the ‘greater ‘the deflection, the more 


= (b) For earthquakes in which moderately large long-period vibrations 
are present (say, between 3 and 6 sec) dangerous stresses may be reached ; : 


and, without damping, ‘the spring- equipped structure may be no » better off. 
than one of standard design. ‘For such earthquakes the data in ‘Fig 12(c) 
seem to {indicate | that closure deflections of more than 7 or 8 in. may be 


The presence of a slight degree « of damping action w would greatly 
help the structure in the long- period range without appreciably ‘reducing its 


Be (d) In order to obtain design data for engineering purposes, tests should | aie ig 
be made with actual earthquake 1 motions. The model preferably should be 


three-dimensional and large enough to permit accurate determination 
the damping forces re required for practical design. .  ¢ (In the model of 1: 46. 5 or’ 


seale the measurement of damping ‘forces is “made difficult by the fact 

that the force-scale is (46. 5). or 100 500; that is, a force | of 1000 Ib in 

Nature corresponds to Jess than $ in model. "Although there is no 

dificulty in measuring very” ‘small elastic forces in a frictionless structure 

such as that shown in Fig. 11, it is difficult to produce and ‘Measure 


frictional forces below the level of 0 0.5 oz with reasonable accuracy. — No 
such ‘difficulty appears in measurements of deflections, however, since 


wale of deflection is equal to the scale of the 

sad PART II.- —EXPERIMENTS WITH ACTUAL 

EARTHQUAKE MOTION 


* Mopet Cuaracreristics anp PRrocepure 
_important: were left ‘unanswered 


discussed i in Part I: 


— 


with the ‘simple motion previously used 
no, How much damping is needed to avoid excessive tresses? 


How does ‘the “proposed ‘structure compare with the standard type 
of structure in dynamic behavior when subjected to actual earthquake 
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pr 


model s ould be directéd profitably ward answer- 


by September, 1935, the operation of the mac shine 


in Part IL should be “regarded a part 
of the ‘Program of _tank- -tower investigation that was “originally planned. 


made necessary the curtailment of the planned “program, 


with the , result 1 that the data are not nearly so extensive as could be desired. 
agen Sufficient inane data have been obtained, however, to make possible for 
‘abe ign of a fairly wide —? of sizes of elevated 


is not intended to ‘suggest that the s spring only 


“practical solution the problem. is the only “solution which | the 


writer has (to date) “considered sufficiently practical for actual construction. 
The Model. —A three- dimensional model was constructed on a scale of. 


to represent a 60 000- gal tank on a ft tower. Spring 


were built into the ‘model to simulate. the new type of construction to 
al ‘The basic 1 theory y applying t to ‘models of water- tank structures was dis- 


 eussed® the writer in 1935, then showed that, perfect “geometrical, 


‘material modulus of « elasticity of Pn times: that of the 


in n the prototype and being the of the liquids” in the 


prototype and model tanks, respectively ; and is s the of the model). 


‘This means that if mereury used as the liquid in the model, 


sealing will result in ‘dissimilarity unless the model t tower is built of a 1 


brass = 13 800 000 per in.) for the structural parts: tank 
shell, a geometrically scaled ‘model with 29 would be entirely 


“satisfactory” (with a minor ‘correction for the density of “the brass). 


A consideration of the hazards and difficulties involved in the use of 
mercury- -filled model led to the ‘decision that this procedure should be 


avoided. This was done by ‘means of a scale— distortion | analogous to that 
applied earlier studies. The expense of building an accurately made 


eometrical-scale 1 model of a water- -tank and tower would have been very ie 
a the problem of simulating riveted connections exactly small 


seale has. ‘not been solved. in tank towers of conventional 


difference whether the joints are Ti ae inned, as far as the d axel 
Np 


behavior of the structure concerned. Usually, they are somewhere in 


actually pinned to the columns, as. is sometimes the case. bee The ecce 


and Bulletin, of America, July, 


between, probably | being nearer the rigid condition, except where the struts f 
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equence ‘the tower stiffness than the degree of ‘Tigidity: 


Tt was decided to make | the joints: of the model “rigid (the ‘prototype 

joints “were riveted) and to preserve the eccentricities they are the 

‘actual design chosen for study. this manner the ne “tower 


ness can be simulated closely by a simple model. 

In order to arrive at. the model-member design for 
over-all length scale, the model theory referred to. in Part I is merely 
extended ‘the individual parts of the struc The following relatio 


structural members, 


pla e ‘thickness in prototype; ta = plate in n model; 


= moment of of prototype member ; and of inertia 


@intortions are due to ‘the bending of 
“the plates and ‘not to direct stresses. — i. is obviously the case for tanks — 


It is important, to ‘ealize that these relations, although re in true 
na 


= deflections are concerned, to ‘the point where elastic limit stresses 
as 

are reached « either in the model in the prototype. Beyond this point 


similarity ceases to exist, and the interpretation of the model results ras 
‘Bones matter of judgment. Once the | model deflections are 

itis a simple mat 


standard ¢ tank 
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ELEVATED WATER-TANKS _ 


e ‘It the scale of — 


made 


the ar area scale” could be ‘maintained. and Cm are the “compliance 
d 


ve 
of prototype and model, respectively, it can be shown that for 


e members: was necessary. of the of all the 
“much convenient to ‘attach, 


of as a whole. The 
“reader will: observ that the 


been had all members in the 


in, 


18 illustrates construction 


typical joint; the _ correction ‘ 
‘ spring is above the joint and the spring 
Brass element below. The individual sprin 
sh elements were all completely calibrated, 
| Strut, Brass Tubing, 
assembled, and set for initial load and a 


closure point before they were ‘put 
nto the tower. _ All connections were 
joined | thoroughly ‘medium | ha 
80 Ider. The pins ‘ows were inserted 
for construction purposes only. 
nuts and turn buckles” “were secured 
with ‘solder after to 


tion of the model. 


The adjustment of the tie- -rods 


0.04-1n. Brass Tie Rod — 
work of b uilding This 


— there is a simple sol 
tower: but there. 
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the uniformity of tension ap "approximately by laterally 


aA and depending on the results of load-deflection tests for making ‘the final 

adjustments. _ Even after several trials the tension in ‘the model: was 

nd to be somewhat uneven. 

completed model and shaking- table are shown in Fig. 


hollow s square tubing. was placed inside the tank for convenience, 
being ‘80 small relative to the tank diameter that its effect upon the water. 
motions is ‘unimportant. choice “of load-deflection. characteristies for 


‘model was based upon the behavior of various designs” in earlier tests, 


Ae where simple harmonic motion was used to simulate the earthquake motion. | 
It found subsequently the choice of closure point was not 


ideal (see heading, “Earthquake Tests; Undamped ‘Spring- ‘Equipped Tower, 


Tested Parallel to ‘Sides; Motion n N. 40° E 


shows the load- deflection characteristic experimentally 

mined by pulling the model in the direction ‘shown, (it is to be noted 
that loads, "deflections, , and periods throughout are given in terms: of the 


— sized structure, i in order to avoid confusion as to scale relations, ) a} A 
shifting of these ct “curves” relative one another vertically would 


make coincide very well, the maximum shifting required being 


about 1200 Db. In ‘the model, this amounts to about 35 grams, and rep- 
resents: variations i in adjusting the ‘initial tension the twenty- four 


< 
“rods. Considering the small scale used, it is doubtful whether much, 


5 


in bese in the A irection an oe in the C-direction, 


oe. howed no appreciable difference in dynamic characteristics. Indeed, “this 

what one would expegt, since the natural period of the structure varies 
approximately with ‘the square root of the area beneath the ‘Joad- deflection 
which means that for amplitudes greater than 2 or 3 in, the period 
not appreciably a affected by the variations in the four curves. 
Damping was ‘simulated by solid” friction device attached directly 
to ‘the tank (Fig. 16). It not considered possible to. obtain ‘reliable 
results by introducing friction into the twenty- -four ‘individual | spring 
elements on such reduced seale. The solid friction used i in testing 
would closel ch th of d lated for actual con- 
wou approach the type of amping contemp ated or actual con 
struction. (See Fig. 17 for sectional assembly of a large unit equipped with 
damping device.) faet, it is possible that a satisfactory element t might 
“more economically with pure solid (sliding) fricti on ins 


1e piston. ‘cylinder arrangement shown in Fig. 
of solid: friction the asa 


 stant- -force limits stresses to those by plus 


at Center of Gravity of Tank, in Thousa 


Load Applied 


i 


exac 
bees 
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is no reason to believe that an actual full-sized structure would be more 
uniform 
Shak 
4 
iy y 

es kd some power of velocity) is justified by a consideration of the stresses that | . 
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exactly ‘represent the damping to be derived pi 
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because the damping action of the: absent the range of iv 


rig. difference in 


wo 
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Mi, Kips per Sq In. 


—Loap- DEFLECTION CURVES» FOR, Fic. 16. —DIAGRAM 
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“| 
_effect_is small, however, and sim 
— 


ments for the ‘same degree of earthquake has” been 


5 generously “allowed for in Conclusion (8), “General Conclusions Drawn 
‘The structural design assumed for’ thin investigation is shown in Fig. 
18. This design gives a calculated stiffness to the tower of 23 _ “per in, 

of deflection before the springs begin 


The del _ transformed ‘oa a ‘standard tower later tests by | 


— 


‘stiffness of the structure in th 


ion is 44% greater than | that of the | ‘standard - tank studied in Part I; 
was designed for a horizontal of 43.5 kips| at the center of 


of the the tower originally wae designed for 


, rod stress). The pur 
the ‘stiffening “was “twofold: (1) “The structure had to 
somewhat stronger enable it to withstand large deflections” as a a spring: 
equipped tower ; and it was desired to. learn just how much benefit 


would ‘result from a reasonable degree ‘of strengthening in standard 
. Curve C, Fig. 19, represents | the Joad- deflection « 


the design shown ‘calculations were made assuming 


n in the 


— 
as 
— test 
on 
— 
— apy 
° 
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this condition & 
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mirrors and lenses so that the tank deflections recorded directly. 


i= 


Testing and Recording Procedure—The model (see Fig. 14) was f first: 

tested statically to obtain: the e data in Fig. 15. ‘Then it was mounted 
on the table of the shaking- machine so that the ‘motion of ‘the base w wn 
parallel to the tower sides. Later, the tower was turned through 
45° 80 that the motion applied diagonally for reasons given 
sequently. tests (including those load deflection) 

were made with the tank full of 


The motions used for testing the model dynamical 


6- 


the data on 1 the Long | Beach earthquake of March 10, 1933. These valuable 

data consist: of tabulations of ground displacements at intervals of 0. 120 

tee for the three components of that earthquake, calculated from the 
accelerograms recorded at the Subway Terminal Building, in Los Angeles, 

‘The two horizontal components were plotted on cross- -section paper 
and, after ‘some long period “waves” which y were obviously 
unimportant, , a polar plot was made for each ‘component. The polar plots, 
were made into optical cams* for driving the ‘machine cutting them 
along th plotted lines ‘representing the ground “motion. cam for the 

_compone 40°. E, i is. seen in Fig. 14. No tests. were with the ver- 
tical component. (There is no direct evidence of dangerous 
stresses in the columns: of steel tank | towers due to vertical motions. Buch 


and patty from trie ‘column fai failure in” ‘the proper sense of the word, - How-— 
ever, it would be very desirable to extend the investigation to. ‘include 


earthquake | effects i the vertical direction. — From this standpoint a spring- — 
equipped tower would behave substantially like a | standard structure.) — The + 
two horizontal components are referred to throughout as the Angeles 
motions N 40° E and 50° reader will 


of the Long Beach shock as recorded in 


heey A number of free vibration tests were made with the model as a spring- 


equipped structure (with and without damping), and as a standard 


ture. As in | earlier tests, ‘the ‘Procedure was a sudden release from 


The procedure used in ‘recording the motions: during was essen- 
_tially ‘the same as that followed in earlier studies. For each test, the table 


motion, the deflection of the tank relative to its base, and time marks, 
were recorded simultaneously on « one photographic record. Free vibra- 


tests ‘were e recorded in the same manner. +o. 

The arrangement. for testing and recording i is shown in 1 Fig. 20. A eid 


wooden framework “moving with the shaking- table carries the recording 


The same. frame also carried the friction ‘device shown in Fig. 16. 
Pree Vibration Tests.— —All free vibration tests were made diagonally 


the tower, in order to be consistent with most of the earthquake tests. The | 


maximum amplitudes” of successive swings in the free vibration the 


‘standard structure Fig. _terms of ‘the percentage 
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a 


the ai pull-back before releasing, plotted pull 


amplitude. One observes” here about the same degree of linearity as 


the case of the smaller meid investigated previously. The exact form of 


: 8 

3 

2 4q 
the free vibration i is not the ‘same before because ‘the present 
represents stiffer structure. absence of damping action is shown 
the persistence of large ‘amplitudes in the 6, and 7 maxima. (By 
is. meant the of in the form of heat) 
— 
ropped- to 
60% of the initial pull back the seventh swing that ‘stored energy 4 

dropped to 60% of the original. The original energy has merely been 

changed from all potential to part potential and part. kinetic (that is, the 


water surging when the _tank stands still at t the end of a 


total energy being diminished i: in the first five tc to ten swings. 


Similar pull- back tests made by the | ‘United States Coast, and “Geodetic 


Survey’ on full- “sized structures ‘show v very little decrease in energy 


"ha 
twenty. tot thirty swings of the tank. . The absence of appreciable 


in standard and their foundations is 


— May 
q 
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to | 
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to making them earthquake resistant by any ordinary means. 
free vibration tests, the ‘principal period of vibration was found 
to be 3 sec (2-i in. amplitude). secondary period due to the 
“water sv swinging in the tank) is about 2. 7 sec. 
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TOWER WITH SPRINGS 
(DAMPING FORCE, 3280 POUNDS) 


“Initial PultBack at Center 0 of Gi 


= VIBRATION or TANK ‘WHEN 
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lotted | lines: from the horizontal. Comparing Fi ig. with Fig. 15, 
can obtain a further conception of the relation between dynamical 
non-linearity. It will be seen en that t the ‘more pronounced the non- 

linearity of the load-deflection characteristic, the more difficult it becomes | 


x ay to predict dynamical behavior. — (In each” case, , the water ‘motion accounts 
for dynamical non- “linearity. ‘T he lack of f damping shown by 


the large amplitudes of the sixth and seventh swings i in Fig. was 
The expression, ‘ ‘natural period of vibration,” has n no real meaning whe mo 
applied to the spring- equipped tower. In the free vibration records made 


= in the ‘pull- back tests, ‘a complete assortment of ‘periods appear, ranging 


from 3.50 sec to (15 5 sec, which, in general, vary with the amplitude, 


be expected from ‘the shape of ‘the Joad- deflection curve, For amplitudes 
of less” than a about. 1 in., this” structure behaves’ dynamically like a standard . 
structure having a principal the secondary ‘period is 


The “effect of as sm all amount of damping is clearly in 
21(c), in which case the friction force used for “damping was. less 
1% of the weight of the tank and water. Comparing Fig. with 
21(b), one notes not only a a reduction in the amplitude of the first 
swing after releasing, but also a large decrease ix in subsequent swings, =. 
dicative of the beneficial effect of the damping. urthermore, the 
linear character of the free vibration is seen te te masked by the damp- 
ing. should ‘be noted, also, that the of the “same damping 
force to the standard tank of Big. _would hi have a very much a 
another. important observation be made from the data in 
Fig. 21(c). After the large drop in amplitude from the initial pull- -back 

to the first t swing and from the first swing to the remainder of those shown, ; P 

one ‘might wonder why the decay in amplitude changes pace 80 abruptly. 

This” phenomenon is due to the fact. ‘that friction applied to the 
dissipates energy only when the tower deflects. During the first two 

swings, the motion of the tower is large and considerable “energy is | dissi- t 

pated ; after this” time, however, the water contains most of ‘the remain 
in the form of a wave motion inside the tank and this wave 

motion can only be damped out ‘indirectly as causes the structure to 

slightly. Henee, the damping force acts primarily to dissipate 


From the detrimental effect of bafile- plates: the 
tank k is easily | visualized. Their effect could only be to 


total “energy into the structural frame and Tess the sere motion 


of the water. I In n the case 


that is likely to | be harmful to the structure that is, energy stored” 4 
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“capacity” of the tank shells to withstand the s surging motion of. the: water 
may well be questioned. ‘The shells of the standard elevated tanks of ‘ 
capacities not greater than 1000 000 or 150 000 gal are most li likely 


enough to stand the water forces, provided the strength of the roof 


Sprine ELEMENT DeEsIGN CALE OF ODEL, 


Tests; Undamped Spring- Equipped Tower, Peated Parallel 
Sideo; Motion N 40° E.—The behavior of undamped spring tower 
as first investigated by applying the Los | Angeles, N 40° ° E, earthquake 

ig to ‘its base, the direction of motion being parallel to the sides of em 
tome. To. insure safety of the model, the amplitude of this 

tion was reduced by the factor, 0.72, of the actual ‘amplitude. 
“This factor is referred to throughout th this paper s the “Amplitude | Factor” 


signifies the ratio of the testing ‘amplitude to the ‘amplitude of the 


actual earthquake as recorded by the accelerograph in the Subway Termi- 
mi Building im Tos Angeles 
Tests made | by~ applying the “described “motion at variou s speeds 


plotted in Fig. The “maximum deflection of the tank (relative 


es 


MOTION APPLIED AT 45° TO TOWER 


DEPLECTION-TIME Factor CuRVES, ‘TOWER ‘WITH SPRINGS; 
‘Damped; Los 4 MOTION, N 


; LOS ANGELES MorioN, 
during ‘the application of the earthquake motion 
plotted against the time factor. The “Time Factor” the ratio 
of the duration « of the earthquake in the test to the duration of the actual 
earthquake as recorded the accelerograph. ‘Thus, a a time factor of 1.10 
denotes that sec of actual earthquake. occupied 1.10 sec in the test; 
that is, a time factor greater than 1.00 indicates that the motion was ‘ly 
lowly applied than the actual earthquake. Since as previously mentioned, 
all data in this pa paper. in terms: of the full-sized 
structure, 2 


he horizontal broken line in Fig. 22, and in subsequent diagrams, is Be 
a reference line | for ¢ comparing ‘sets of tests. It “represents 
deflection at’ which a rod stress of 1 12 500. Ib per in, . is developed, 
and by noting the position of the curve of tank deflection relative to this | 
line o one can the results in terms o: of stress. 
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| this respec The Teference stress" was at the no 
3 -break-over point 0 of ‘the e load- d-deflection curve > (see Fig. 15). ‘To be con- (a) | 
sistent, the ‘same stress, was: used as a reference line - for the ‘standard the 
tower data (see Fi igs. . 19 and 25). is for | comparison and 
not represent “safe” ” or “working” stress. 


‘Fig. 22(a) indicates that without damping ‘the spring 


4 
‘be considered very s atisfactory because, although dangerous deflections 


not reached anywhere on the « curve, they certainly might be if the ampli- 

tude factors were raised 0. 7 2 to 00, or more, ‘Two important 

conclusions were drawn from these tests. It was evident: (a) That damp: 

accepted representing | a possible kind of motion. t to be found in Nature; 
‘and (b) that it would have been much better to have » chosen 308 
capable of about double the maximum “deflection originally chosen. 
In other wards, instead of having the ‘Springs close at deflection of 
about 6 in, they should close as far out the structure can safely be 
deflected (15 in. is a practical figure from the standpoint of column bend- 4 


ing and Spring” ‘design, although 2 20 in. does not seem 1 unreasonably Iarge.) 


‘wo ‘conclusions | ‘emphasize clearly the desirability of 
actual irregular ground m motions for determining earthquake ‘Tesistance of 
‘structures. ‘The f first conclusion was suggested b by earlier tests, using simple 
a harmonic motion to represent the ground motion, “it could n not be con- 
second conclusion is a contradiction of what appeared to 
a suitable spring- closure ‘point based on. the simple harmonic ‘motion tests, 
The cautions already stressed regarding the interpretation simple ¢ 


motion studies were proved to be entirely justified. = 


ome discussion must. here be e given to the | ‘significance of vi varying the 4 
= and amplitude factors. _ Variation of the time factor be inter- 
in ways: a given ‘structure, varying» the time factor 
makes it possible to find what effect the earthquake would have if it 4 
happened faster or ‘slower, but with the character of the motion preserved 

‘recorded ; and (2) with a given earthquake, varying the time factor 

the effect as changing the natural vibration ‘period of the struc: 


other wo rds, by varying the time factor the experimental results = 
generalized considerably, whereas only time factor of ‘unity 
is used the results can be applied only to one ‘earthquake 


makes 

the same ‘motion changed in can be seen. 
Fig. 23(a) represents a series of tests following t those previously 
, the purpose being to find how the behavior | of the structure e would | 
vary with changing amplitudes of the same earthquake 1 motion. ion. The 4 
_ time factor was held constant. These results show that the maximum t tank 
very sensitive to small changes” of earthquake amplitudes wheu 
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Th hey emphasize the ‘correctness. 


and (b), cited in 1 discussing Fig. 22(a). No ‘attempt w: was made to carry 
the amplitude factor ne near to unity for fear of over-stressing the model. ee 
Earthquake Tests; —Undamped Equipped Tower, Tested Diago- 


nally ; M otion N 40° E.—Since there were not sufficient funds available to 


AT 45° TO TOWER SIDES 
0.675 07000 0.725 (0.750 0.775 (0.800 0.80 085 0.90 

23. —MAxIMUM DEFLECTION-AMPLITUDE FACTOR Curves, TOWER 
“Nor Dampep; Los ANGELES Motion, N 40° E; Time Facror, 1. 


l sent 1 
and testing a model to ‘epre sent the design suggested b 


the tests just described, it was s decided to turn the mode] so that the motion e 
could | be “applied diagonally. 48 In position, the safe deflection i 
increased by 2 and ‘it was thought that the results would be 


‘Big. (full Tine) is a plot of the results of a series of tests with 
motion at N 40° E applied diagonally to the tower and with an 


Maximum Deflection of Tank, in ir 


diagonal tes 


Curve 11 was: "computed from ‘the: data of Fig. (20), 


were linear; that is, it represents the behavior of the 
conditions, computed by compounding the tests parallel to ‘the: sides. 


The agreement indicates that it. is probably safe to accept the ‘results of 
the diagonal tests as also” applying” to tests parallel to ‘the sides of the 
fame tower, by resolving into components for a linear system. 


Of course, a “direct interpretation be made by noting that the 
diagonal tests merely represent. a tower with a load- deflection character- 
“istic somewhat different from Fig. 15. It makes no ‘difference in 
direction this « characteristic is to be; the behavior is dependent only 
on the moving mass and the character of the load- deflection 


From this study, it was coneluded that applying the test motion diago 
nally would serve the purpose quite well. Conclusions (a) and cited 
in connection with Fig. 22(a), were further substantiated. 


A the d t find the effect of changin the a ‘ ioe 
set of tests was then m made o fin anging 1e 


“tude factor when shaking ‘the structure ‘diagonally. . The results are plotted 
in Fig. The form of the curve here resembles that obtained 


+ ay the amplitude of the simple harmonic | motion applied in earlier — 
(see ‘Fig. 12(a)) . Fig. 23(a) would show the same 
the curve > been extended far enough to the left. As long as 


er break Fig.. 15 
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the load- deflection ¢ curve beyond this break has no effect t upon the results, 
and one can just as well imagine that the break has been moved farther 
out to the ‘right, as it | should uld be. — The upper break in Fig. 15. is caused 
the closing up of the spring elements. position ean ‘be varied 


between wide limits by a proper choice of springs.) 


> 


_ Earthquake Tests ; Damped Spring- Equipped Tower, Tested Diagonally; 


Motion 40° —The principal results of a large ‘number of experiments. 


plotted Fig. 24(a). As in Fig. 22(b), the testing ‘conditions were 
Rod Stress, 12.5 Kips per Sq in(F=0 
hte 
4 


4 


Maximum Deflection of Tank, in Inches 


4 


24. Time Factor CURVES, ‘TOWER WITH SPRINGS ; 

ae DAMPING Foacs F, AS SHowN; LOS ANGELES Morion APPLIED 


the Los An geles motion, | N 40° -E, applied diagonally 

“factor of 1.5 (except | ‘as noted in the case of Curve ©). The variation 
was extended considerably below “unity when the “maximum 
amplitude was made small en nough by damping to insure the model's 


«Within limits of the damping force applied i in these tests ts the 
maximum tank deflection progressively decreased the damping was 
increased, the beneficial effect tapering off as the became greater. 


‘Since the maximum stresses set up i in the ‘tower members result from the 
‘maximum tower deflection the frictional force acting together, it is 
obvious that there “must be some optimum frictional force beyond which 
reduction in maximum amplitude due to a further increase friction 
will be be more than offset by the - additional stresses produced by the e increase 
the friction itself. ‘That this point was not reached in the tests. plotted 
“Fig. 24, will seen by noting that increasing the damping g force 
from 6 380 Ib to 7715 (or 1 395 Ib) reduced deflection 
by about 1. 2 in. which by Fig. 15 amounts to. a reduction of more than 


3500 lb in the | pull on the tower due to. deflection; ‘that. is the net gain in in 


Maximum Deflection 


of Tank, in inches 
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ducing tower stress ‘to 


‘The reasoning j leads to the important consideration that 
“likely there are load-deflection characteristics much more desirable then 
chosen for particular study. Thus, idee ‘seems to 
data obtained that the same structural design, 
gmeowhat ‘more limber “springs and adequate damping, would exhibit 
siderably _lowe rer stresses” under the same earthquake eonditions. The -eco- 
nomic ¢ cons iderations involved in the choice « of design could not be investi- 
gated with the funds available, Here. is perhaps the most inviting field 
for. future research, and it should be thoroughly if new type 
construction is to be applied to any extent in practice. 
One set of | tests was ‘made with the ‘amplitude factor icone to 1.10 
observe ‘the sensitivity of the damped structure to amplitude changes. 


Fig. 24(a) is a plot of the results of these tests” (frictional 


foree = 7775 lb). T he maximum of this curve is. is only about 10% ‘greater ee 


“than t that of the corresponding curve for amplitude factor (= 1.05), indicat- 


ing that the amplitude sensitivity has been reduced to reasonable value 

by the dampin (compare Figs. 23(a) and 23(b)). 


Limited as as the data of Fig. 2A(a) of necessity had to be, ‘they 


construction: as a practical engineering approach to the problem of building 
earthquake- proof tank _towers, and perhaps some other types of engineer-— 


Earthquake Tests; Spring- Equipped Tower; Tested Diagonally; 


50° E. —The effect of the S component o of the Los Angeles ‘motion on | 
the spring- -equipped structure found to be less than that of of the 
N. 40° E component. Fig. 24(b) is a plot of the results of “tests ; made 
nder the same conditions as those in Fig. 24(a) except for ‘different 
2 component. he ie tank mo ‘motion proved to be so “much 1 _more 
gentle than that for the other component that, after exploring the response 


f the undamped structure over a wide range of time factors, it was one. 


> 


TION, S 50° E; TANK FULL OF WATER 


Nor 
LIED AT 45° TO ‘Tow ER SIDES ; 
to limit | the « damping tests to one set t (7 420 Ib of : frictional force). The sig- ae 
‘nificance of these curves is obvious. (Compare the relative effects of the ; 


‘components B the standard structure, ‘j 5(a) and 25(b)). 
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Sranparp Tower; Scate Monet, 1: 


‘Tests; Standard Tower, ‘Tested iagonally, 


was felt that this research would be somewhat inconclusive with. 
experiments giving a comparison of the dynamical behavior of 
rod- braced tower with of a spring-e equipped “tower under 
identical earthquake conditions. Accordingly, the model was made to 

-_ resent the standard structure « described in connection with Figs. 18 = “— 

_ The Ss 50° E component was first applied because it was expected to the 
pas gentler of the two. The motion was applied diagonally to the ai to 
the maximum possible safe deflection. dn the case of the 
the load deflection characteristic is practically identical in all direc. 
tions, so that the tests described herein apply equally well to other 
directions. The amplitude factor fixed at 1.05 as. before and a set of 
tests was made by varying the time factor from 1. 1.28 to 0. 96, at which point 

it was decided that it might be dangerous to the x model to proceed farther — 
without: factor (see Fig. » Upper full-line 
In order to explore for | smaller time factors, ‘the amplitude fac- 
—tor~ was ‘reduced to 0.54 and tests were ‘made over a wide range of pron 


factors. The ‘results: are plotted in the lower full-line curve in Fig. ong 


vibration it ‘was assumed that the results obtained reduced 


amplitude factor could be extended fairly well to larger amplitudes: by com- 


the facts. curve Ww was by simple proportion 


lower, -full- line curve, each ordinate former being } 


Earthquake Tests; Standard ‘Tower, Tested Diagonally; 
E—It seemed wise to apply ‘the N 40° E component with the reduced 
amplitude factor of 0. 54 also, because of the danger of “overstressing re 
Fig. 25(b) is a plot of the r results obtained w with this ‘motion 
The upper full- -line curve shows the “results observed with ‘the -ampli- 
ude factor set at 0.54. The dashed curve is calculated from: the first 


so to show the probable effect of a factor of 


erefore, 


Te is obvious that ‘the “same earthquake the 
stresses in the standard tower reach values two or three times as great as 
in the spring-equipped ‘structure having about 7000 Ib of friction 

damping. This situation is brought: about as follows: The rigidity of a 
standard tower, by giving it a relatively short natural period vibra- 
tion, considerably smaller earthquake deflections than a are re pro- 


in a a moderately damped ‘spring-equi 


. The dashed curve in Fig. ig. 25(a) shows” how this -assumption 
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> the the a a standard structure is so much greater 
that of a spring-equipped tower, that the beneficial effects of the 
decreased ‘deflections are more than offset by the large forces” 
In Fig. 25, one is _ impressed by the: small decrease in maximum tank — 
amplitude a time factor changes from: 1.00 t o 1.15. 
dear of the time factor stated in "discussing Fig. 


22, it is clear that, as the ¢ time factor: goes from 1.00 toward the right, the - 


than the one for the present ‘research, ‘Thus, a 


results may be interpreted as s closely representing the effect a the 


aad upon a tank structure having a natural period — — times | that of wai Be 


structure described 18 and 1 19, since the natural period varies 


inversely with the square root of the tower stiffness, the new stiffness would — ¥ ae 


be (1. 15)” x 23 100 = 30 500 Ib per in. This is 1.9 times as stiff as the og 


; standard structure studied in earlier investigations. To achieve this stiff-_ 


4 Thus, it must be concluded that the degree of direct t strengthening that 
generally applied cannot be expected to insure the ability of the structure 


to withstand the earthquake motions questions. (In this connection 

is interesting to note ‘that if the areas of the rods in the lower two ‘panels, 


‘Fig. 18, are doubled, leaving the top rod areas as shown, the resulting earth-_ 


4 quake unit stresses will be increased by more than 15 pee cent. The r wee 
in Fi ig. 18 have been chosen to give a sa safe deflection ‘much greater 
than that achieved the usual ‘ “quake- “proof” "structure, in which no pa 
ticular attention is given to balanced design. Furthermore, the unit stresses 


1 in this» design were very _conservative—20- kips per sq in. rod 
stress at 10% gravity. loading. higher unit stresses are used, the natural 
‘period will be lengthened.) Although “only the motions of ‘particular 


‘earthquake were ¢ available for these studies, the fact that the same | 


n was” ‘reached from the results of the application of simple harmoni 
motion in indicates. that it cannot be any 
serious discussion 


generally serve to a better design ‘sounder structural details is 


Earthquake Tete; Standard Tower with ‘Tank map Pell. Diago- 
ally; Motion ‘40° E— lower full-line curve in Fig. 25(b) repre- 
sents a series of tests ‘made with the tank half filled with water. ‘All other 
were kept the same as the tests plotted in the “upper full-line 
in deflection i in the half full tests x “attributed 
rought about the shortened 
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‘resulting from the decrease in ratio of 1 mass tower stiffness. 
Had the “stiffness of. the structure at the time been reduced by 
half, the behavior would be closely represented by the upper full- line | le curve 


in Fig. The dynamical behavior is purely a matter of 
of. and is “not directly 


tank, giving ‘the same ordinate. but ap time 


by This procedure is equivalent to treating the results as 
i ee tank with a natural period —= times that of the actual full 


ank studied. The result will be a a curve to the right of" Time Factor 1 08 
mn ‘mass instead 
er st stiffness increases in 

"proportion to. the tank, ‘the natural period will ‘greater 


which is the as working to the of Time Factor 1.00 in Fig. 95. 
He Keeping in mind the ; fact that the natural period of the structure tested in — 
these studies was” about 1. 3 "see, with a stiffness 1.44 times” that 
original tank, one cannot avoid ‘the: conclusion | that, f for larger tanks if 
for tanks « on higher towers, the natural ‘periods cannot economically. be made H 
short enough t o help matters very” materially. (Mr. D. Carder has 
presented data” on observed tank periods. In this connection, it is 
important: to bear in that a small amount of initial tension in 
-rod-t -bracing can produce a natural ‘period for small: amplitudes which 
a considerably shorter than the natural period for amplitudes: such as exist 
during” an earthquake.) Besides one “must consider the fact that non- 
an ¢ t con 
rigid foundations will invariably lengthen the period of a structure, which 
ht annul, partly or totally, the beneficial effect of the 
should not ‘be. inferred that engthened natural. peri od brought 
about by the introduction o of spring elements is a _desideratum; in itself 
it is to be regarded rather as an unavoidable, and not necessarily desir- 
able, effect resulting from the “necessity of providing a greater range of 
deflection to the structure. The increased limberness makes it possible to 
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Sprine- Eaquirrep Towers 


the ‘en rthquake stresses in the 
equipped structures one must take account of the fact that, i in 


components of ground motion occur simultaneously they were 


bes, Bulletin, Seismological Soc. of America. Ji 1ua 
ublication No, 201, U. § Coast and Geodetic Surve, 
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treated “separately in the “laboratory” “means, of ¢ se, 
orientation of the structure 1 in question relative to the recorded com- 

ponents of motion is ‘importance, Since it is beyond the scope of 
paper to compare the t two structures under all possible “orientations, 
writer has chosen to compare ‘them | only w when oriented in such a a man- 5 


that the ‘standard structure has “every advantage over the epring- 

A study of Fi igs. 24 and 25— and of the laboratory records shows that, a 
it the recorded ground- -motion "components simultaneously applied 
parallel to the tower sides for both "structures, the standard tower will be 
stressed about 25% | less than at its worst possible orientatjon, Whereas the 
spring: equipped tower is oriented as ‘Teceive within of its 
worst possible stresses. x ‘The will be made the of 


the are | known from the data (the 


elect must not be ‘ignored in computing the stresses). The deflections of 
standard tower | will ‘substantially the same regardless of the direc- 
n of applied earthquake ‘motion, because the tower ‘stiffness 
4 substantially the same in all directions. oh The maximum | deflections of the 
damped spring- “equipped tower, however, will be somewhat greater parallel 
to the sides than in the ‘diagonal direction for the same earthquake motion. 
the following data, the deflections parallel to the sides are assumed 
be 35% ‘greater than the diagonal deflections for the spring tower, which 
writer ‘considers a generous allowance. Data are also given for the 


ease in which no such assumption need be. made. In the absence of ‘com 


to be upper limit, his experience with the ‘aystem. 
for 


ers the more direct interpretation of stresses given” in the paragraph 
of ‘section, of estimation is there eliminated 


ease, 


in a tank 
‘where the ‘motions ‘used in this research were recorded. This 
: structure is| a 100 000- -gal tank on a 100-ft tower, and, at the time of the 


Tong Beach earthquake, owas braced. for wind velocity” of 100 miles per 


hr. At that time, it corresponded to a of about 0.9. The cal- 


iui in Fig 2, stress for this structure, based on m the ‘experimental 


by ata in ee 2, proves to be 56 kips per sq in. a 
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taster ‘et 1 ‘would be more than 36 Kips per sq 
P = 0.82) the rod stress would be about 40 
worst (P = 0.82) the ssary to postulate § 
oD whick eyond the normal yield point. It is not necessary 1 he epi- a 
any great increase in the violen ilures which occurred, knowing that tw. 
scenter in order nd much deflection as the 
isti tures could safely withstand as 
— 
— 
— 
— 
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a 


‘4 


and a time 1. 00, 53 kips per sq in. ihe 
was recorded. (These high values, of course, are fictitious, since 
limit « of material would be ‘passed at lower stresses.) Failure 


of the: ‘Terminal Building also showed evidence very 
high stresses. _Bince, these cases, there» ‘were indications of flaws 
workmanship, or details, they not cited herein as numerical 


_ The stresses set the spring- equipped structure, under 


‘identical earthquake conditions 35% extra deflection), prove 


be quite low in comparison. ] With a damping ‘force about 
«i (parallel to sides) | ‘the rod stress at a time factor of 1 would be less than 
10 kips per sq in. (compared with more than 28 kips per sq in, i 
5 tandard tower). In the worst case (P = 0.88) | the rod stress would el 
less than 20 kips ‘per sq in, (compared with a stress beyond the yield poin 


in the standard tower). ke _ Thus, even | with a generous margin in favor of | 


the standard “etructure, the damped spring- equipped tower shows a smini- 
mum safety f factor of at least 2 over the standard tower. 25% increase 
‘damping would raise ‘this safety factor to above 2. 25; or, if : a more direct 
interpretation desired (in which no assumption be made as to 
deflection increase parallel to sides), the following will suffice: Given 

tower whose load-deflection characteristic parallel to the sides is the same as. 
that of the tested structure in a diagonal direction, and | given a damping 

force | of 7500 lb, the ro rod stress in the worst case (P=0. 88) would be less 
kips per sq in. (minimum safety factor, greater than 2). is 
Bn to be remembered that the assumed o orientation is such as to. give the ie 
advantag to the standard by perhaps 20%, was ignored in 
It is not intended to list herein a set of conclusions that m: may be read a 


sually and without a careful study of the supporting text. Such a pro- et 
cedure would be worse than. useless; it might even be dangerous. 


provided ‘the limitations and cautions already set forth have | 


oughly digested. These conclusions a are: 


standard type of elevated tank now in common use 


\ moderate degree of strengthening ‘does not, and can | not, improve 


of the Lang Beach earthquake of 1933 can be taken as 


indicative of may be expected in future ‘The data from 
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better design, but in the of a general 
knowledge of possible earthquake motions, this ‘conclusion cannot, 
course, , be accepted without reservations. “balanced 
meant strengthening the tower bracing “members in proportion to 
loads they carry, as distinguished from the common practice of using the 
same rod size in two or more panels. — _The 
100- 4t tower « can 
design of the bracing.) ! 
It would be to sufiicient to insure 
the safety of the structure under all ‘conditions “using springs without 
damping. Given a safe deflection of about 15 in, undamped 
tower would probably fare better, on ‘the average, than the | e standard struc 
ture but its safety factor would not be dependable. 
(4) The presence of sufficient damping a properly designed spring- 
‘equipped tower gives ita safety factor in stress: of least 2 over 
standard structure which has been designed for loading equal to 0.1g. 
Damping also provides a safety factor in the duration o of violent 
that the structure | can withstand—a nume 


but of great importance. 


tical design (see Fig. 


(8) The results obtained are restricted 
catended safely to to much 


(6) The introduction of proper does not endanger 
the stability of tower structure. Considered as a three- dimensional 
framework, it is necessary to investigate ‘the effect of possible dissymmetry 
due to accidental differences ; in action between the elements on | opposite side 


of the _ tower. 

from lack of ‘symmetry, a “design sho ald specify hor 

of light rod- at the strut in order to el 


detrimental within” P 


atone 


; ‘the weight of ‘the t tank and water appl 
the tank. The columns 
the rod- bracing would fail first if structure 
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oth Baiile-plates inside an elex 
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| ize specified in — 

(8) For Conelusion (5 — 
ove the following rules should resul in the foregoing prescribed limits « a 

4 esigned so tht 


an Provide a springs | such that, with initial compression set 
for a horizontal force at the tank ‘to one- fiftieth of the 


ieee Niven weight of the tank and water, the tower can deflect at least 15 ; in, inn 
parallel to its sides before the ‘springs ¢ close. = 
(c) Design stiffness 0 of ‘the springs such that at t the point of closure entirely 
oa he h 1 load is appro | 1 to the design lo; : 
Design ‘the individual spring elements so that the total 


tion is about equally ‘distributed between panels avoid 


= 


A 


(e) See that the bending stresses in the tower members are not excessive, 


Use pin-connected struts if necessary, and reduce eccentricity to hy 
absolute minimum. The pipe should | be equipped with 
(f) The damping forces should be such that the ‘energy dissipated by 


damping during 2 a motion of the tank (parallel to the tower sides), 

from its” equilibrium ‘position out to. the maximum safe deflection 


and back again, is approximately equal 50% of the energy 


‘elastically when the structure is at the ‘maximum safe 


The total damping force should be distributed among ‘the 

elements in ‘proportion to stresses produced ‘the various 


‘rods by a static horizontal load at the center of gravity of the 


The damping: force need not be the same for an outward 


a “ Qelblsctio as for the return to equilibrium, but that for the r return 
stroke should not. exceed about (85% of the wind- load initial 


compression setting; otherwise, all the rods may sag at t times, 
damping force ‘should be fairly independent of velocity. 
BES 4 
be good rule the damping force corresponding 
toa tank: velocity of 80 in. per sec (relative to the base) 
show 
‘than 25% ‘greater, than that calculated by Conclusion (8f). tan, 


The damping may be produced “simple sliding friction if § The 


desired, in which case the kinetic friction should be made “equal 


resp 
to that computed | by Conelusion 8f) 


Relation of | Tank Ground Motion. 1.—The graphs | in Fig. larg 


are reduced tracings records made by applying the Los Angeles m iotion, hav 


40° E, to the -undamped spring tower, the damped spring tower, and 
"standard tower, respectively. The time factor is nearly identical for 
all cases and the scales given a are self- explanatory. careful study of pon 
of the ‘motion ground motion in ‘the three whi 
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In the first ; place, o1 one 0 serves that there is no ‘simpl tion between 
ink response and . earthquake ‘motion. ‘The notion ‘statical force 
equal to the mass of the tank and water times the maximum ground -accel- 
eration can be used safely design against seen 


4 


28! DAMPED; AMPLITUDE FACTOR 05; 


£6 


APPLaED AT “45° To Tow SIpes 
Next ‘to be observed, is the serious consequence of the » lack 
shown in Fig. 26 (a) Fig. In both case the structure 


The ceases: “chosen for discussion are by no means the worst observed. in 


respect ; on the contrary, they ¢ are quite typical. . What ‘might have happened 


had there been several more large - ground» swings immediately followi 
those. in the early ‘part ‘of the Long Beach earthquake ean only be conjec- 


tured, | but ‘if such swings h happened to be nearly “in step” with the already 


large tank vibrations shown in Fig. Fig. 26 (c), colli 


is to be “regretted that ogra: taken in Tong | 
cou ld not be. completely of 


ponents on the record. Consequently, there method 
which estimate the relative intensities at ong Beach and ‘Angeles 


except by « comparison of destructive effects, and this is admittedly not 

the motions used in 1 the 
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present cannot be considered as representing worse 


i to be designed against in an active earthquake zone, such as the West 
Coast. Hence, desirability adopting a "generous" and real safety 


Fig. 26 (b) the beneficial caused by the a -towe 


& damping force are ‘clearly shown. _ Comparing Fig. 26 (a) with Fig. 26 (b) writ 


ae and ‘noting that the damping is the only variable in the testing conditions, - appe 
one observes not only a very large reduction in maximum tank deflection, rule 
* but also a quick decay i in the vibration after ' the violent ground motion has - eed 
subsided. Thus, there i is a double benefit to be derived from the addition by 1 
ot ee of damping. _ The structure is enabled to withstand the violent motions and beer 


is quickly made ready for more shaking if it should come. 
of More Economical Designs. —Only one load- deflection ch 
acteristic was investigated i in the: tests. of the spring- equipped tower. _it that 
Lon 
eral 
: 
damping force need to be thoroughly ‘if maximum economy le 


is to be attained. For example, consider | a of 150 gal “capacity on 
a 125-ft tower; it would undoubtedly prove far more economical and just 


as satisfactory to deviate widely from the stated in General Conclu- 
sion (8), if the necessary information were available for guiding the design. 
4 Extremely Large Tanks. —The “question of what procedure to adopt 
case of very” large’ tanks to be answered only by research: especially 


directed to that end. cr As ‘the | diameter of the ‘shell increases, the surging 4 


_ action of the water must become more important, and the dynamical char- 
: acteristics of the system may be entirely” different from the characteristics 

obs erved in the present study. is ‘quite ‘possible that bafile- plates may | be 

tt Samana found necessary to prevent dangerous stresses in the shell in some instances. 

of Riser” Pipe.— -It has been assumed in ‘the foregoing discussion 


riser pipe is ‘small (say, 6 in to 12 in. diameter), 80 | that, 


made of steel and provided with flexible joints, if needed, it can be forced % 


ion of the swaying tower during» an 1 earthquake. 


Large risers, which in effect tend to act stand- ‘pipes of considerable 
stiffness, would be rather ‘difficult to provide for in the spring type of con- 


struction. considerable vertically . distributed - mass» of water in 
a arge- risers resents a problem to which the results ‘thus for obtained 
4) the destructive effect. of earthquakes i is s perhaps nat generally appreciated: 


_ The o orientation of the structure relative to the direction of the ‘most violent 


‘motion; the location « of the structure in the shaken ‘region ; ; the e relation of 
the natural vibration period to frequency spectrum of the earthquake; 
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careful consideration of chance factors leads 
understanding of the difficulties confronting 1 those investigators 


ye 
undertaken | to formulate rules based upon studies of the effects 


849 


= s knowledge) the: ton Beach This. fact, 
“apparently, has led a number of engineers to accept, tentatively, the 0. Ry. 


Now, had there been, ‘say, forty or fifty tanks of random. sizes 
by this rule and a like number designed for wind only, and had ‘they all | 
been fairly well scattered over the region, then there would be 
e real basis for drawing conclusions as to the superiority of one type to 


‘the other from field studies. As matters stand, however, about the a 
‘that can be -eoneluded of of 


4 


‘Tanks for Municipal: Supply is s unfortunate ‘that few municipal 


described in ‘this importance to “the community as 


_ whole is concerned, these structures should receive by far the most ‘serious ey 


“consideration. is to be hoped that it will be possible ‘some to 


extend ‘Present knowledge to this ‘vitally important 1 field. 
“ae The writer wishes to acknowledge gratefully the helpful co- operation 0 


oe all who have contributed to the success of this research project. ae si 

‘The Associated Factory Mutual ‘Fire Insurance Companies: and d th 
Freeman: Engineering Corporation initiated research and “helped” 
‘possible all the investigations described in 1 Part I, also 


a very ( considerable sum toward the construction ¢ of the new shaking~ table. 

engineers “connected with these organizations recognized "the 
lack of dependable design data and questioned the propriety of applying 
of-thumb design methods | unless they could be shown to produce 
structures. ‘Their helpful and sympathetic attitude has” been a source 
i ‘inspiration as 3 well as as a means of keeping the Amned on a firm practical basis. f 


Thanks are due to ‘the Chicago Bridge and ‘Tron “Works a and to 
Pittsburgh Des Moines Steel Company, which provided a large part of 
for the experimental work described ‘Part II. These funds: 

were given for the ‘purpose of increasing “current knowledge of earthquake 
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10 U. 8. Coast and Geodetic Survey has given invaluable aid in pro- = 
Viding data on gr ions i 
behavior of actual structures 


. oie The studies, which extended over a period of two years, were made by ta 
writer in 1 the Laboratory of Engineering Seismology of the Massachusetts 
Institute Technology. providing funds for the design and ‘construc- 
‘the new shaking- table and for the ‘services of the writer for the 
duration of the entire research, the Institute has carried by far the . greatest 
_ part of the financial burden. The ‘Division of Industrial Cooperation has 
oer administered the project without making the « customary charges for over- 
expense the Institute. In addition, the writer has” profited by the 
advice and assistance Dr. -Vannevar Bush, Breed, 
. Soe. ‘Professor A. _deForest, -and many other members of the 
Especial thanks are due to the four « engineers without whose loyal 
hard work this research project could not have been carried 
“out with the same degree of economy and success—Messrs, Chester 
Hosmer, Albert Grass , George Parmakian, and George Hines, all. 
The data in Table ‘1 were computed by Mr. H . Sweet, vith, 
*s the Associated Factory Mutual Fire Insurance Companies, of Boston, Moss, a 
Figs. 8 and 9 are reproduced from t the drawings used in securing “the 


patents, which, are to b be administered on a non- -profit basis by ‘that or organiza- 

tion. These patents cover the general concept of applying 5] spring elements 

engineering structures: the purpose increasing their resistance 

aes earthquakes. The purpose of these patents is to make it ‘possible 


to prevent the improper use the n new construction; otherwise, - no restric: 


— 
— 
HY 
? 
— 
— 
N 
con! 
— 
stu 
tior 
dis 
— 
— 
> 
— 
— 
— 
— 


HYDRAULIC TESTS ON’ N° 


RICHARD R. RANDOLPH, 
aa 


interesting and unique “hydraulic. teste “have made 
connection with ‘the Madd Dam project located o: 
in the Isthmus of Panama. A number of features of the dueken of the spill 
way sectio , but principally a plan for ‘dissipating the energy of the 
overflow at the toe of ‘the dam, developed from model studies. These 


studies are described in I? In order to check the “resulting predic 


ae 


tions, apparatus as nearly s similar as possible to ‘that t used the models, 


"Field tes tests 


discharge an nd loss in in he ad t 


the sluice-ways were measu red. The of the air 


m 
conduits was determined “measuring ‘the au 


‘them at vari ous heads and gate- 


THE ROJECT 

Dam 


to create a reservoir for storing to use foe 
for controlling floods. Power development is small and more or less 
incidental. i The dam is on the. same river as that which forms Gatun Lake | 


s situated about 10 ‘miles. up stream from ‘the point where the river 


U. Bureau ot Reclamation, Denver, Colo. Bngr., 


_ 2Condensation of a report by the writer to the Governor of The rename Canal on — 
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on the spillway have also been made.’ The a Bes 
t conduits and 4 
vents for these 
Or air flowing through 


features of the Madden Dam consists | of the ‘main cross 


concrete dam across the Chagres_ River, the power plant, ‘an earth and expec 
gravel- fill dam continuing from the abutment the main with 


and several earth and gravel-fill dams across saddles around the rim of the 
reservoir. main dam of the massive concrete straight-gravity type, 
consisting of an overflow spillway section across the ‘Tiver, with abutment 
on either ‘side (see Figs. 12 and 13). is abo ut at 
S140 
§12¢ 

#10 

over” the spillway crest has $ 
mg to page at maximum expected discharge of 260000 cu ft per 8 


The energy of this overflow will be more ‘than 5 000 000 hp, and the We 
velocity at the toe will be about 100 ft per sec. With energy exerted 
at the base of the dam it was considered advisable to devise means of dis- id 
so that the velocity would be checked enough to eliminate ‘erosion: 


and tested at the Hydraulic Laboratory ‘of the Colorado Agricultural Col 


lege, at Fort Collins, Colo. The m of the spil lway was b uilt 
 geale of 1:72, or 1 in. (linear dimension) on the model equal ‘to 6 ft on 


During the and fall of 1931, a model of Madden Dam was” tit ep 


Ty” 


“tours of river bed below ‘the dam were surveys to 


‘represent the original and “overlying earth and gravel deposits, 


in terms ‘equivalent ‘proto otype dimensions, “this model had 
four 100- ft gate- openings, a spillway crest at Elevation 232. 0, and an apron te 


width of 440 ft between side walls. ‘radius of the bucket is 60 ft. 
For a flow of 260 000 cu ft per sec, and the tail- water is 


Dentated Sal —In the original dinign of ‘the a ‘th 
ts conerete apron, extending about 120 ft down stream from the toe of the dam sh 
dentate od ‘sill developed by Professor Theodor Rehbock* at the tl 


Tests on a model of this ‘set-up showed that the sheet of water flowing 
the "spillway through the -tail- water, , which was considerable 
4 depth, at ‘alll stages of flow, with very little surface disturbance or loss in q 
velocity, and struck the sill with terrific force. Fig. 1 shows 


Engineering News-Record, July 14, 1932, p. 42. 
Transactions, Am. . Soe. C. E., Vol. 93° (1929), 527, 
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1987 ON SPILLWAY. oF MADDEN: DAM 
cross- -section along” this apron (through the dentate) with the n maximum 
expected discharge. Velocity ‘measurements were taken at various points 


a Pitot tube, and lines of equal. velocity, converted to. ‘prototype scale, 


Reservoir El 263.5;q= 596 Cu Ft per Sec 
per Linear Ft of Apron 


| Tailwater from 
Float Gage Below: 


of Maximum 


200 220 240 260 


40 60 80 100 120 1400 
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have ‘been | 

depressed by the back roll of. 
below: the sill. This latter action, of course, relieves the river of 
erosion velocities. The upward deflected jet continues along the surface, 
however, at comparatively high velocities: and erodes the river banks. 
‘The next step in the experiments ‘was to substitute . a sill with as olid 


vertical face for the dentated form. Various heights of this solid sill were 


tied, and it 1 was } found that a height of 6 ft was just as effective in pre- 


the surface flow conditions were unstable, the boil solid “sill 


‘being much more irregular and fluctuating. The “flow allowed through the 
-dentates seems to stabilize this boiling, there is little or no pulsation 


or surging in the ‘tail water, , making the performance of the dentated sill 
It. would seem ‘that a ‘sill under “these conditions should be made only 
§ high enough» ‘cover the range of the high velocities of the overflow jet 
‘along ‘the bottom, and, consequently, its height would vary “inversely with 
that of the dam, because the higher the am the thinner th overflow 
sheet will be at the toe. For ‘Madden Dam satisfactory sill one- -thir- 
of the total height of the dam. height of ‘the sill varies directly 
with the depth water, dis charging over the crest. In the present case 
the sill was one- -fifth of the expected -n ‘maximum depth. Another factor 
less. importance, is the depth of 1 water that is to be over the sill, 
The height | of the sill is modified directly by the depth of the tail-water ks 
because the greater this depth, the thicker the overflowing jet will become 
in passing through it, a higher sill is necessitated to cover the range 


of the thickened jet. ‘A sill, or a series of blocks with n no tail-water over 


& them, is practically useless as the jet i is merely aprayed into the air almost 
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TESTS ON SPILLWAY OF MADDEN DAM 

high the original water surface, 2 and falls to ‘the river again, 
aining nearly all its original velocity. Ther be tail-wate r to float 


Oo away, 80 to speak, after the jet has been deflected from the thea bed. 
Eve n then, the high velocity is merely 1 transferred to the surface and may 


ge Tf any type of block sill is used ‘on this apron, ent ntire dependence is 
placed on it for stopping the velocity, and_a small break starting any- 


where would endanger the entire structure. Logs coming over the spillway 
would be carried down by. high- velocity stream to strike “directly 
4 os against the 2 sill. The "proposed dentated sill was 10 ft high and 30 ft wide, 
involving a a large quantity of concrete and form work in its” construction. 

anchorage would have been difficult and _ expensive. urthermore, a 


royalty would have had to be paid for type of. these 
to of = block 


ter Elevation, in Feet 


e apron. As before, this low in ir the te il- 


aie , being at Elevation 60, and the depths o over it at ‘all stages: of dis- 1 


‘apparently too great to allow the hydraulic jump to form, 


velocities ‘persisted along the which for a considerable act 


Float Gage Below 
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os Fig. 2.—V ELOCITY CONTOURS FOR FLOW Ove LEVEL APRON, WITH DEEP Ok NaTunaL 


he It was found that ‘if the tail- -water was lowered, the flow over # the crest 


of the dam being kept constant, a certain point “was ‘reached at which the 
ae surface of the water became very turbulent and rose more or less abruptly 


te from the toe of the dam, + thence flowing off in. “quiescent s state. pi In other: 
words, an good hydraulic jump formation 
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this position are not the | average velocities of the sections, it 


The tail- water was adjusted to force the beginning wal this jump as far as ue 
possible | back on the toe of the dam without “drowning” 4 it. This: aie 
ment made few several flows, , and the required -_tail-water noted. 


A plot of these elevations against the discharge shown in' Fig. 


a4 © Adjustment to Force-Jump Back on Bucket} | 
Computed From Momentum Formula, Equation 
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x Minimum Velocities From Fig. 4 
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aah Tailwater Elevation, 
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Velocity on n Apron (El in Ft per 
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Cav SE THE BEST HYDRAULIC JUMP PER- Ps 
FORMANCE ON LEVEL APRONS AT Dir- A LEVEL — 


ade with a ‘Pitot howed that such adjust- 


ments. "the tail water were producing ‘the maximum ‘retardation the 
elocities s along the Pitot tube was placed, and remained fixed, 


t a position within the jump and just off the floor of the apron. The tail- 


water was then varied and the resultant velocities, indicated by the 


Pitot tube, “were recorded. These velocities have be been plotted in Fig. 


for three different discharges. Although the velocities from the Pitot tube i Bey 
‘that the curves ‘thus. obtained, ‘show: relative energy 


the variation in tail- water depths. “Note that there is a decided peal in the 


curves that gives | a definite tail- -water depth | to obtain a minimum . resultant — 
‘velocity. These peak points are. plotted on Fig. represented | by 
osses, check | closely the first adjustments. Computation of 


required to form the hydraulic p from. the 


shows ‘dims agreement. These point as 


Fie. Fi; or average ‘velocity 


Pitot m measurements, and, 
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ithous 
vould 
then, that the at the “affords tog equire 
‘great a depth | over this apron to allow the jump to Te fact, 
natural tail- -water depths, the » velocities are about as great as can exis 
along the bottom, as may be seen in Fig. 4, This is contrary to a somewhat 
general acceptance that a deep tail- water is an assurance for the dissipation 
the overflow velocity. With» the natural tail- ‘water lowered to allow th 
__ hydraulic jump formation, ‘the rate | of velocity retardation is much: faster 
and the final velocity, after the jump has been. fully completed, is decided) 
ess ‘than occurs at the "same distance down stream under high tail-wate 


This may be seen by comparing Figs. 2 and 5. Unfortunately, the see 
does not extend far enough down ‘stream, in in Fig. 5, ‘to show ‘thi 


Pitot Tube Stations 
forme 
the 
gravl 
could 
A for 


60 80 100 120 140 160 180 200 2400 


fi al point: of ‘complete recovery of the jump where the he velocity has been 
red d to a minimum and is practically constant across the section. i 


a e surface rise in the jump for a flow of this ms agnitude is very 
gra the jump action extends for a considerable distance down 
ream, although the point o of beginning is forced back on the of 
the dam. A A back flow or roller occurs along» the rise. The higher 


- velocities hug clos ay ‘to the floor until gradually ‘retarded. _ The flow lines 


tise is | more length of ‘the jump ‘is. shorter. 
depths required for j jump obtained by lowering the 
tail-water » are considerably less than the actual existent. depths over an 

place at this low level of Elevation 60. Since the natural | 

water ai at the dam site is fixed, it was necessary ‘to raise > the apron to 
aa: elevation in order to lessen the depths over it so that the jump 

was made t to the model, 


were repeated. 
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HYDRAULIC TESTS on ‘SPILLWAY | or MADDEN DAM 
hin 
indications were that it 3 ft higher, which 


brould cause a a closer coincidence of the natural tail- -water to those 
to produce the hydraulic jump. This is illustrated in 


Apr pron. a 1 a close coincidence be. obtained 


ver apron. give the required for ‘the jump. 


— 


Ww the It was thought that t, if the apron was jump could move up 


fastermor down the slope until the > depth required encountered, regardless ak al 
idedifgof the variations in the tail- -water. Furthermore, a considerable saving in 


water concrete would result this case because the sloped apron: would more 


this - aforementioned hydraulic "jump on the 

apron, it was found that the depths which caused the minimum 


velocities agreed closely with the theoretical depths for the jump 
frmation as computed by the momentum formula. For the sloped apron 

he computation becomes involved, due to the 1 necessity of considering the 
gravity component of the water in _ the jump and nothing satisfactory 

could be attempts to adapt the formula to this condition. 
A formula that included this weight component would show that a a greater 
depth is ‘required for the jump, which simply ‘means that would form 
farther down the slope where this greater depth 
vith this knowledge there is no method of predicting a satisfactory -tail- be 


mater elevation, one that would s start the jump well up the apron BY: 
it any flow. The difficulty in the fact that ‘the datum plane is. et 


<= 


indeterminate, above which the required vertical depths are to be assumed. 
theoretical position of the jump can computed but it would not 


be known whether this position would start the jump well back against 
z= the face of the dam and yet not so far back as to “drown it out.” Unless the toa 


jump starts well up on the apron, full is ‘not made of 


= lngth. caloulated: position might start the jump some distance 
the slope away from the face of the dam and, therefore, for equal —pro- 
this. length must be added to the stream. 
down Apparently, the solution was a a case of experimental “cut and try” and 
a series of tests was” made on ‘aprons of various elevations slopes. 


Tig. shows tests” on “aprons of ‘different slopes. ‘The’ apron 
(Apron A) had a slope of 1 on 6.6, beginning at Elevation 84. 


rface til-water ‘below this apron was adjusted s 80 that: the formed well 
up on the apron, starting: back» against the the dam. This i 
the dition the first desired prerequisite. It is seen, however, 
r s required jump depths are less than the actual depths resulting from natural es 

tail-y -water, indicating that the apron should be raised. This was done 


found that an apron beginning at about ut Elevation 


‘frst procedure in ck was: 
flows 
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Pitot tube” placed, al 


remained fixed, 


at a point just” off the 


oor and near the- end of the apron. The tail- water. raised and lowered Apron 
caused the least ‘Tegistered the lo 
a 
Va approa 
Lo 
stages 


requir 
a fac’ 
Tailwater for Best extrap 

ural Tailwater is low 

Incide 

crete 

Discharge i in of Cubic Feet per Second Nelocity on n Apron B, in Ft per Sec 

Best HYDRAULIC JUMP FORMATION ON DerrHs OF TAIL-WATER For THE 28 


are in Fig. pata points: from curves, the 


“water “required for “minimum velocities, check closely the | tail- ‘water 
es adjustments first made. The latter have been plotted, in Fig. 6, against 


discharge to how the range of depths for the 


Different. slopes” but apparently a of 1 


“Steep a as could | be and still retain a good On 
steeper slopes the overflowing jet under the _tail-water with little 


surface disturbance consequent energy. len From study of the 


‘curves | \ shown in ‘Fig. . 6, indications : are that if Apron A is raised, ; a closer 
average coincidence of the depths with the natural tail- -water would 


obtained than in the case with ‘the raised Apron B. This leads the 


thought that the shape the jump curve may be varied by changing 
slope of the apron. This curve: could then | be made to conform closely 
| a with any given ‘natural tail- water ‘curve by adopting a a “proper slope to the 
The ‘steepest apron that could be used would result ‘the. 
‘economy this ease and since it was found» that “the of the 
jump “over Apron beginning at Elevation 97. 3, averaged closely with 
the a actual tail- water depths, this apron was adopted as satisfactory for t e 
design” of the model. From later studies of results of these 
tests, the ‘final: construction plans changed to 
“apron by 80 ft an nd to lower the elevation of beginning o 3 ft. 
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Apron B shown in Fig. 6 lies above the n natural ttle, water ating “curve 
the lower discharges, indicating that the ‘natural depths are: not quite 
sufficient to force: the jump well on ‘the apron at these flows. may 
supposed that, since the -tail-water ‘depth: is. ‘fixed eur 
the apron lowered ‘the depth “over it is increased and 
approaches | that required for the > jump. 

Lowering ihe. apron will | improve | the “jump at the 


of flow, which ‘occur more frequently. At the discharges the 


a factor ‘of safety is” 80 obtained in case the rating curve (which was 


stil 


extrapolated for higher flows) is less, or in case water 
is lowered at the dam site, by. the erosion of the ‘gravel beds down stream, 
nei dentally, the ‘model tests showed that the tail- water could be lowered 9 


4s much as 20 ft without the jump being swept off the apron. MERE a ae 
the apron 30 ‘ft farther down ‘stream would furnish greater 


a 
otection ad river ‘bed and, slope was" also. flattened, the 


ing from this point 158. 15 sft down 

Deflector all but the iallest flows the length of the hydraulic 


the jump, or the point down stream where full recovery takes place, j is ie 


the end of the proposed apron. Theoretically the apron or protective 
ment should extend down stream to a point where the bottom velocities have — 


inst : 
” Bt ben reduced by y the jump» to an extent which will not erode the foundation _ 


ulic 
bide rock. It w: was found from the tests that a small turn-up sill at the « end 

be 3 of the apron would lift. the | velocities off the river bed below, but would 


On ‘tot the rag The thought was that if the 
“blocking static pressure of the tail- water neces- 
ary for the jump. The tail- water might even be swept out between the 
uld toe of the dam and the sill. ‘sill should as a deflector, , to 
the lift t the sheet of water just high enough to ¢ lear the bottom, allowing: it 


ing to continue down stream where the velocities are dissipated in the normal — aie 
action of. the jump. 


ing ing of hydraulic jump apron are in Fig. 8, 

est is a composite of some of the results obtained from the model tests on 
the the final design of the sloped apron, under ‘natural tail- conditions. 


Water-s surface curves, taken by point- “gage ‘Measurements, are drawn for 
five ‘different rates” of flow, | covering the entire ra range o discharge. ‘Veloci- 
tes through each | cross- -section | were measured with a Pitot tube. Velocity 


tentours for the lowest flow only (but which | are typical) have been drawn 


m velocity heads 
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Fie. 8. —Hypravtic RELATIONS OF THE FLOW A MODEL oF THE 
NATURAL CONDITIONS FOR THE ENTIRE RANGE OF 
just. “they strike the -tail-water were taken with a Pitot whe 


‘were found to “agree closely with 1 was with 


loss in friction was made at 
Madden Dam to measure this loss by installing Pitot tubes the spill: 
way toe. A factor of safety is obtained, however, by keep ng the friction 


locity, Vs, and the depth, d,, jump being n i 


the depth 1 required was computed from 


‘the “theoretical position of jump. It ‘ts significant 

bef these computed positions lie fairly close together near the center of the 

As on a level apron, the highest velocities lie along the floor, becoming ; 
gradually less toward the top with a reverse flow or back roll on n the sur ‘sur 
face (see Fig. Be At the beginning of _the jump, pressures on: the apron, 


as recorded from | piezometers, | lie. slightly below the w water surface, 


a point gage. This: is probably due to the air content of the 


-stream face the sill is 
4 greater ‘than the static pressur e » which. indicates only slight impact. 
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than the static depth of water, which be attributed to to the centrifugal 
Retardation of the velocity of the is not instantaneous; 
ihe hi highest velocities persist along the floor until gradually reduced and d th 
jump is not fully recovered until some ‘distance beyond the end of the apron. 
At a flow of 49500 cu ft per sec (see Fig 8), although the measured 
velocity: of the » water at the toe of the dam before entering the jump, 
was 89.3 ft ‘per sec, , the highest “velocity obtained at the end of the 
apron was 16. 8 ft per 8 sec. e This remaining velocity, however, is lifted clear 
of the river bed below by the deflector sill and about 40 ft farther down © 
stream, at which ‘point: the jump action is practically completed, the meat 
velocity of the ¢ cross-section was less | than 7 ft per sec. At the higher dis- 
charges the action is analogous” ‘but a greater length d down stream is 
required to complete the full recovery. 


‘There is a similarity of | action between the hydraulic 


on a level floor and | on an inclined floor. _ The rate of velocity retardation. on 


Apron , 4 Fig. 6, ‘seems to be a as fast as that along the level apron until 
the end of the slope is reached, after which the retardation is much’ slower 
and the velocities. persist farther down stream than is the case when the 
jump occurs on level apron. Apparently, the stream is taken down to. 
depths too great to allow the jump t to completely The steeper the 
slope of the apron the less perfect is ‘the jump formation. — The slope of 
om 4, adopted here for concrete “economy, is about. the steepest that can 
te used and still ill obtain a satisfactory jump for formation. 
‘The jum jump up performance, as discussed connection with ‘Fig. g. 8, is i is 
typical for the total range of ‘discharge | over the spillway. any flow the 
beginning of the jump is forced back against “the face » of the dam and Ss 
‘although the distance _down stream required for full recovery increases 
with the ‘discharge and extends beyond the end of the apron, “the: bottom — ae 
“velocities are lifted free from the foundation “rock by the deflector sill 80 


that no erosion results. was found to be feasible, to shorten 


the length of theoretical 1 spillway apron consi 


sill of | dimensions at the end. This apron 
‘start of the hydraulic jump where th the first impact 
a Fig. 9 shows the characteristic relations: of the hydraulic jump 7. 
‘it is made to form on a _ sloped apron at the toe of an over-f flow « dam. i. 
curves have deen obtained from results of f these model studies, but it is. 
‘Telieved they can be applied, for design a approximations, to installa- 


tion roughly ‘similar to Madden Dam. functions represented by the 


“curves a are directly proportional to the depth over | ‘the crest, and the 
of the fall, and the values may be used for any dam where the 1 


of the fal 


line usually low flow, or flow, tail- 


elevation. 
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"HYDRAULIC TESTS oN SPILLWAY oF 
order the beginning of the jump” (which moves up stream at each 
‘inerease in discharge) may occur on a flat slope. good jump > forma- 


tion will: ‘obtain: with the curved surface the 


=0.0115 


4 


Tailwater Surface 


Crest of Gates 
at E! 232—~ 


~ Head, in Feet, over Gate Crest 


Use Tailwater Elevation 


9 ‘RELATIONS REQUIRED ‘To JUMP Fic. 10.—COEFFICIENTS OF 
of ‘the however, 
“ order to utilize the full length of the apron. "For r the uititientiin expected — 
ae flow it should begin at the point of curvature of the er bucket from 
> face of the dam. 


ma expected i 


‘mum, ds, and the maximum, he, whieh ‘the point. of eurvature fo 
bucket with the radius, r, as shown in Fig. 9. The slope. of the: apron 


‘should not exceed 1 on 4 and should be carried down at 


4 


on: 


crest. a The ‘between indicated n 


— 
ac 
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ie: 
— 
— 
epths 0 heed 
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oa change in the ‘sloped apron layout. Some of the alterations tested were: 


1937 


from the ‘the total head (which is the 
_-vertical between water was as the head due to 


of the f form: 


ity 


= 0 


the the dam, from apex of crest to toe; and, 
tie depth of water over the crest, from reservoir level 


Equation (3) should hold true for friction Joss at the toe of any 


model dam similar to that” of Madden This model covered 
iron, enameled sand- very smooth. Indica- 

tions from ‘the tests ar are that the value, C= = 0.0115, increases with the 
cee of the surface and would be 0.0135 for models covered with gal- Be 


_-vanized iron which had not papered. concrete 

4 prototype discussed subsequently. 4 


Other Devices. ariations in the design 


none of them proved successful to be incorporated oF warrant 


a 


(a) The sloped apron built steps; a channel or pocket below the 
lip of the bucket cut into the sloped apron ; 3 Cc) a high spillway bucket 
designed with vertical: drop to the apron paving’; transverse 
channels or cut into the high bucket Gater used at Tygart 
Most of these alterations attempted vw with the idea of saving 
eonerete, as the apron was very thick at t the toe of ‘the dam after it had 
i been raised to the necessary height to cause the hydraulic jump formation. ind 
Later, heavy ‘apron ‘was included in computing the stability of 
the | dam, greatly increasing the factor of ‘Safety against earthquake stresses 
and also against ‘sli ding. The simplicity of design, the ruggedness of per- 
formance, the adaptability conditions Madden Dam | 
preference to the use of the plain sloped apron, a small deflector sill, 
to obtain the , hydraulic jump; so that investigations of other devices for : 


the energy of the overflow were discontinued 


Right Bank Ezcavation —In “addition w the development of the > spill 


‘design. The proper treatment excavation slong. the 


xg The original | design | contemplated leaving this hillside in place and pav- 
ing the steep 1 on 1 slope” for protection a against erate The 
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‘that the hillside was too steep water to “ride” 


and, consequently, the om slipped down. into a concentrated ‘jet at 


foot of the slope and « ‘caused disastrous | erosion down stream from the were 
_ Alterations _were > tried in which 1 this was flatter, smalle 
uniform sheet ‘slope of almost any “inclination, however “alight, washe 
‘warped ‘surface probably could have been developed. that would carry “deposi 
share of the discharge but ‘still | no provision would be made e for checking free 1 
the velocity of the water. A sill placed along the top was ‘not ¥ very satis- 
as the tail- water over it became Tees and lees ‘up the slope and the expec 
per 
It was finally decided that ‘the safest and ‘positive results would jets, 
attained by eutting into the bank and extending the apron across th PD 
width of the spillway. Itw was found possible to level off gradually gates 
and raise the down-stream end of the sloped apron toward this right ap 
(see Figs. 8. 12 2 and 1 13). However, | apron was” kept down w under over! 
the tail-water so that the depth water over it was sufficient to > form the 
hydraulic jump | at any flow. ero 
 Pail- Race ‘Walls. whe dan wan Sng from the of this 
bend in the river below. the dam ‘was the of the eddy 


apron. = 
which ‘elevation the tail- ‘the Power house, 
his condition “creates a ‘difference in pressure a and a cross- -flow. 
effect is detrimental ‘the functioning of the jump, causing an unbalanced 
condition resulting in concentrations of velocity. . This reverse flow also tends 
to deposit sand and gravel in the draft- tube openings and to set up surg- a 
ings in tail-r “race: which might hinder the speed the 
To remedy the condition a division wall was down ‘stream from 
the power house to separate the spillway ‘eal turbine -race. Theo- 
retically, this: should be high enough to prevent overflow into the 
spillway at any 1y discharge and should extend down stream until the water: 
‘surface rise in hydraulic jumps levels out. It was found by experimenta- aa 


tion that if the height of the wall followed the actual surface rise in the 
jump, the over-pour on to the of the jump caused no harm.  Aecord- 


ingly, the wall was built at point 12 below the elevation of the max- 


imum expected _tail-water with resultant saving” in conerete. On the 
other side of the river, the hydraulic jump contained by paving along 


Erosion Below Apron. n.—Prediction of the nature of the erosion 
likely to oceur t below the spillway apron was possible from the model studies. a 
3 original gravel deposits ‘the river “were 
on. the model by building up the contours in sand (see Fig. 1). 


No attempt was made to graduate this: ‘sand to the scale of the model as ay 
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HYDRAULIC TESTS ON SPILLWAY OF MADDEN DAM 


ew ties to po 

at foundation rock itself would Thus, 

er, oe flows, up to a quantity representing 50 000 cu ft per sec, the sand — 

in ‘contours were scarcely disturbed, for larger flows the over-burden was 
ht, washed from the right ht bank and river bottom below the apron ‘and 
"deposited as a across the main river channel. As successive floods 
ng ‘free from sediment are passed ov over the spillway, this bar may be Penal 


to move farther stream and expose ‘the bed- rock. The maximum 
he expected velocity to which this ‘may be subjected is about 25 
ok per sec moving along the ‘surface without direct t impact. Fr rom field tests 


which specimens of the foundation rock were ‘subjected to high velocity 


ld jets, erosion is is expected at this velocity. 
he Drum- Gate e Operation—The proper operation the drum- 
ly gates was quickly seen from the model “performance. ‘The operation 
ht fm necessarily fixed by the method adopted for dissipating the nergy of * ida 
overflow. One of the first prerequisites of a good hydraulic jump -forma- 
tion is to have: the water r enter the jump in a uniform jet of equal 


across its entire width. This. is readily accomplished Madden Dam 


inpour of the -water. The below ‘gate wi 
be at a higher elevation than ‘the surface rise of the water in the jump 
be a cross-f -flow will result. It. Although t the jump is not completely “drowned 


ut” it was found that concentrations of flow were set v ) which greatly 
sggravated the erosion the apron. for the small flows, or 


Gates. the crest of ‘the model, the 
were reproduced to. scale. With: the gates at “several different positions of 
dosure and the pond at ‘various “elevations, coefficients of discharge curves — ; 

determined by plotting values of C in the formula 


neasured, in. the customary manner, from m the highest point on ‘the gate 


to the water surface e up stream where the velocity of “approach 


these « curves the maximum discharge ‘ot. the spillway w 
nine, and w “was found to be in excess” of the: design assumption 


‘it: may prove advantageous throttle raising the gates 
‘after the peak of a flood has assed, in order to protect shipping in the 


Passage i is ‘interrupted when the flow exceeds 50 000 cu ft per sec at ; 
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the join down stream. This was on ia Spil 


reef 
‘of the factors considered in determining the height of the drum- -gates, of end 
 Nappes” and Pressures the Crest. different gate-op openings, will were 
of water flowing over the crest the gates, Outlines ease w 


of the surface curves were taken by means of a point gage. The p pressures] openin; 
i along the crest obtained by Fig. 11 with Table el be rais 


51 48 45 42 39 36 33 30 27 24 21 18 15 12 9 2.8 3 6 9 12 15 18 21 24 27 a 36 39 42 the tc 
again: 
Piezo pressure sure 
herei 
eat 
Mea deflec 
float 
(5 fi 
ry 
the 
im 
gate 
to 1 
way 
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cubic feet per second | Run No cubic feet per second | crest, 
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shows a typical set curves taken for | a ‘condition | representing the 
gates: fully opened. It will be ‘noted that a vacuum recorded on the 
down-stream face of the crest for all the flows tested. Preliminary analysis 


| 


the ‘proposed. erest by the flow- net method showed this vacuum to exist, 
and its effect was recognized in design ‘of ‘the: crest. check of this’ 


was by reproducing the assumed conditions on the ‘poke 


A very close agreement’ was s found in the pressures, b both | negative and 

‘positive, along the en crest. “ However, the water- surface curve obtained on nie 


‘model lay considerably below the water for the computa- 
— 
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were at various positions of maximum — 


on 


case Was taken with the forebay at highest elevation and the gates 


opening. It was” found that as originally designed, the wall needed to 
be raised slightly and the outline changed in follow more closely 
the shape taken by the overflowing nappe. 


At on one Position of ‘the opened ‘gate, this ‘rose neatly to to 


velocity of ‘the water ‘that a a a negligible 

against the wall, except at the very bottom where the jet has 

spread enough to cause impact. impact. amounted ‘roughly to a pres- 

sure equal to | the depth of water flowing over the crest of the gate. ay ites 

Other Features. —Other features of the design (not previously discussed — 

iain), that were ‘developed from the model tests included: : The proper 

location of sluice- through the section; the shape 0 of the 

deflecting lip over ‘the | sluice- -way exits; and» the location of the ¢ control 

float intake, at the drum- -gate. The sluice- -ways, - which wet rectangular a 

(5 ft 8 in. by 10 ft 0 in. high) discharged into ‘the hydraulic jump» on ie 

the spillway apron at Elevation 85 89. 87, about 1 the level low tail- -water 

(we Fig. 18). No serious interference with the jump formation was noted oo 

in the "tests when the sluice- -ways were located between the spillway 

gates; that ‘is, below the spillway piers. The original plans were changed Wee. 


to move ‘them to this location from the first position which 


way between the piers. Over the exit, where the sluice- -way comes “through | 


the down- stream face of the spillway ‘section, deflector” lip, the: 
dimensions of which “were determined by experimentation, -was placed 
telieve back pressure that may be “caused by "spillway flow. check was 
made to be ‘sure that no ‘vacuum ‘developed in the sluice-ways during: the 
data v were obtained on n hydraulic jump on 

level and sloping aprons, , which included velocity contours, water surfaces, on 
and pressures through the jump at various flows. v8. Comparative data on the a 
performance of sills ‘of various heights and shapes w Were sre also secured. Per- 
formance data were obtained d on the ac action of the other devices previously — 
mentioned for dissipating the energy of | the overflow at the toe of ogee dams. Sy 


Motion and still sr en were taken of nearly every set-up that: was tested on 

Conclusions: pertaining to model tents. of Madden 

zy 

on the basis of the foregoing data, as follows: 
‘The hydraulic effective in rey 
PA the overflow 
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‘he river channel during a given f 


> jump can ne: cont olled best 

apron: stream, tangent to the bucket at the toe. will move up or 
down the slope with variations in tail- -water due to different discharge, 

‘ ie eer (8) The « elevation of the apron ‘must be placed relative to the tail- -water 


so that the depths over it will start the jump precisely at the toe of the 

(4) The slope ould not be 

change in the ‘alters the jump- ‘curve, 

eee By adopting ; a proper slope to the apron a close coincidence may be obtained 
with the natural tail- water depths throughout the entire range of discharges. 3 


(5) The length of the jump, or the distance down stream required for shall 
recovery, varies as magnitude, i increasing with 1 ‘the e discharge. =F 


slope 


ver 


en should cover ‘the range 2 


point is reached where the ‘velocities are low 
enough not to cause the river bed to scour down stream. 


‘This apron length may shortened by placing % sill, with a 
% gradually sloping face, at the end to deflect the floor velocities just free 
rom. the river bed below, until they” are retarded in the n natural “action 


vertical walls 


AWS 


enough to exclude the adjacent tail- water entirely. walls ‘should 
extend down stream to. the point of full recovery where the water surface 
reaches the same “elevation as that of the adjacent tail- water. 


ater entering the jump | should be of equal depth and velocity 
the entire width; or, in “other: words, discharge over the dam 


crest should be uniform. This - is ‘accomplished at Madden Dam, without 


the use of. training walls for each gate, by simultaneously lowering the 
ur drum- -gates to the same opening. 
(a) The hydraulic jump method is much more advantageous than any 
on device for dissipating the energy of the overflow below dams. The 
| 
design i is simpler and more “rugged when the energy is | dissipated 
the impact of water on water. The epillway is f free from obstructions that 


y be ‘damaged by logs and other Besser coming | over the dam. Sills, 


P ers, etc., to break the force of the water are expensive and difficult | to 

and anchor and are always Tiable to damage. A break at any 

‘point creates a high velocity concentration, which starts. erosion that may 


the entire structure. Difficulties repair are likely to "prove 
‘sills, ete. , are usually under a -eonsiderable depth of tail 


water; if they : are not, they are practically u useless in dissipating the energy: 


Conclusions (1) have been reached the tests 0 on 
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below the natural tail- water so that an apron 2 of the proper elevation and — 
slope could be constructed. vk is thought, however, that from the - results — e 
of these tests, principles may be established that will allow the 
tion, at other ‘projects, of this type of apron for obtaining the hydraulic 
jump. The ‘tendency in later designs: of overflow dams has been to use 4 
a sloped apron for obtaining the hydraulic jump means of dissipating 

the e energy at the toe. Similar aprons were later used at the Norris _ 
and at the Hamilton Dam, in Texas. Preliminary designs for the 
‘shall Ford Dam, in Texas, and dee Friant and Kennett Dams, in California, 
The effectiveness of the hydraulic jump and the 2 possibilities of 
sloped apron” asa means for controlling it were “fully demonstrated by 


model studies of Madden Dem. 
7 ‘pane IL—PROTOTYPE ‘ TESTS 


model predictions and also to ‘obtain hydraulic 
data o na. full- sized structure, test apparatus wa “was installed at Madden 
‘OD Dam similar to to that used ¢ on the model. Piezometers we were ‘laced along the 
gpillway crest of one gate in the sides of the spillway rane hel 
‘the training wall. Provision was” made to measure the water surface over the a cay 
crest. - Piezometers and Pitot tubes were placed at the t toe of the spillway, oe 
to measure the head lost in friction, and along the length of ‘the | apron to se 
“measure the velocity lost through the jump. A gaging station is situ- a 


ated ere: stream from the dam for obtaining the quantity | y of water 


The concrete apron built at the toe of the ‘spillway is constructed on ee 
slope of 1 on 4. 3, taking off tangent to the curved bucket at the toe and ge ay 
terminating in a email sloped- face deflector sill. The dimensions are given died 

in Figs. 12 and 13° which show a general layout of the dam. As stated in eek : 


Part I this apron was adopted after extensive model _ tests had been made 


Dam than | as the foundation rock was of 


to the best method for dissipating the energy of the overflow. 
| The le largest flow that has been passed over the spillway to date (1987) : a 
has been about 32000 cu ft per ‘sec. Complete. model data for a ‘direct 
comparison are -availabl this ‘relatively low discharge, but the 
‘results obtained are interesting are indicative of. the performance 


expected 
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‘Equation 5 (6) 


—o— Nappes 


L2 Pressures 


Fic. .—NAPPES AND PRESSURES OVER THE SPILLWAY 


tube. in one of the galleries of the dam. was no water flow- 
ing over r the ¢ crest, the deflection of the U- I-tube at a known elevation of the 


: lake, was taken as a datum, and subsequent t readings: taken | during the tests 


were in elevations: of the 1 water columns above piezometer_ 


“will: be noted that the pressures as r recorded by ‘piezometers a 


the up- -stream face of the dam lie above ‘the measured water surface, indicat 
ing impact. The “pressures drop rapidly along the crest due. to the 


centrifugal force, reaching a negative pressure at a point: on the down- 


stream side, showing a ‘tendency of the the jet to leap the crest. The model 
tests showed this tendency inereased at higher hea ads. The vacuum 


gn of the cr oe: 4 
Fig. erro the nappes t taken over the prototype crest for three heads. _ 
‘Three other intermediate heads were also taken for this position of the 
fen fully opened and lie con between the tom 


si 
rom which was suspended | beneath the archway of the _first to 
drum- gate. At approximate 4- ft intervals along the ce center line of the fall 
=. el ae gate, holes were cut in the Sow of the platform and a | a known bench-mark ~ 
e established near each which "measurements | of ‘the distance Fig. 
Pressures along the “crest were taken from in the indi 
concrete and in the steel drum- gate itself, positions indicated j ’ 
Fig. 14. The were “connected pipes to a mercury 
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| for or the lower 


‘fall each case. 
-water- surface curve line pressures pores model, is also shown in 
‘Fig. 14. This is the lowest head on which complete data were ‘taken for 
‘the model tests. However, there i is a remarkable consistency in the curves 


taken with the gate in three different positions of closure. 
trials were made to obtain. in an equation 4 for these verflow 


For water surfaces over the “rest when the /drum- -gates we were fully. opened 
(lowered) th most consistent be derived were 


= (0.164 — 0.692) 1.2238". 


(0.0733 H — 0.206) 


hich: and — y are -ordinates of a point on the water surface, — 
with the Y-axis at the uy “up- -stream face of the dam and the X-axis as the | i 
line of ‘the reservoir level. ‘The model formula (Equation (5¢ (5a)) ES 


was derived from five measured nappes, at heads corresponding to a range 


from 11 ‘ft to 31 ft over the crest. The prototype formula (Equation (5b)), Ba 


derived from: points on five curves taken up to a maximum head of 7.78 
ft o over the crest. formula showed close agreement with its respec- 

tive test points, within the range of the points actually taken. 
applied to a head of 7.78 ft (which was the highest. head attained 


spillway), Equation (5a) showed close 


the actual measured water surface on the , prototype On the other hand, — 
Equation (5b) gave a profile much higher than the 


surface over the model for a head corresponding to ‘11.8 ft over - the crest 
(which the lowest head measured on the model). In other words, the 
_ model formula could be extrapolated to check the prototype measurements 


but. the prototype formula, when extrapolated, ‘would not check the model 
Equation (5a) seems to be more accurate for design 


q 


tions, until further tests are re taken tc to Equation (5b). 
row of piezometers: placed along the face of ‘the 
spillway piers. In general, the pressures recorded on these piezometers fell a 
‘slightly below w the profile of the water r surface ‘There noticeable 
disturbance at the er end piers of the spillway. __The slight drop: below static 
pressure which was recorded along this” end pier may be due to the 
_ tendency of the flow into the gate to leave the side of the pier as it comes 
in from the dead end of the ‘spillway. This disturbance could be. eliminated, 
perhaps, by extending the end piers a Petes up stream, although in most 
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any. 


“were located alon; drum-gate just beneath the down- 


stream tip of the top skin- plate. ‘These piezometers, however, did not “indi- 


-eate vacuum for ¢ any of the flows attained to date. With the « drum- -gate 
fully opened (at which | position it conforms with the crest curve), the 


a Ba vacuum (see Fig. 14) noticed at the higher heads occurs at a point down | 

‘stream from the tip of the gate. At any of the partly raised positions : of rat 


the | gate, there is no indication of a vacuum on the under side, the 
BY pin flowing sheet of | water being quite sufficiently aerated at the ends, through — 


behind | the ‘square end piers.  Piezometers were installed in the 
retaining wall ‘of the spillway, b but the have not. yet bee ‘high 


~ to obtain readings from them. 


with: observations being taken at Madden Dam, 
—— stream- gage measurements were made at the permanent station about 4 ‘mile | 


* 


: stream. The readings were made with a current meter at 1+ ft depth, the 
mean velocity being obtained | by using a correction factor of 0.9. This factor 
9) was establi ished for the sta- 4 

tion after a a long period of obser- 4 


make complete, traverses during the 
| larger flows, the 0.9 factor 

used may be in considerable error 

for the higher discharges. is. 

20 au) apparent that to measure the dis- iw 


charge. in a degree of accuracy com-— 
parable with the model tests special 

& apparatus must be used to hold the he 
current meter in the high v elocity 
water § that a ‘complete. traverse 


4 


Values of Head over Crest, h,, 


of coefficients of was com- 
puted, using the simultaneous dis- 
charges taken from rating curve 
from readings taken during» these: 


tests. The equation of the coefficient 


ey 


= 


curve for drum-gates fully opened, 
was obtained from the test points 

and showed that the “coefficient of 
discha of the 
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it 


= 
tior 
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| The results as obta 
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as well as of the crest shape: 


flow may due to the possible error in the stream gaging. There is an 
apparent definite discrepancy, however, as two two: curves have marked 
different characteristics, 


lto 72 Model 
Ne de=11.25 Ft| 


Energy | Gradients 
| 


in Fee 


Pitot st Tubes and Piezometers, 


140 160 180 200 220° 240° 260 280 300 


to use copfiicients of “discharge: obtained ‘model tests, 
a great saving in spillway length can be ‘effected if the 
true coefficient of the crest ‘known. The data yet ‘too meager to 


ttempt a thorough comparative analysis, but. it would “seem that some 


factors affecting the model flow such ‘capillarity action n and viscosity, 
a number of nozzles were installed 


| 
| 
. Fig. 15 shows a plotting of this coefficient curve, extrapolated by Equa- : “-: 
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“consisted of in. long, the plate being 


bent t to stream- line shape, and fled With concrete. The 
bottom of the ‘pedestals were ‘embedded ‘and anchored | in the concrete 


and protruded | 14 in. for | some to 20 in. for others above the floor of the 
ar ‘spillway apron. A piece of 1-in 1. pipe projected 4 in from the up- “stream 


of ‘the pedestal at heights above | the from 8 in. for 


These projecting | pipes: or nozzles were connected by 1- -in, » Pipes to 


each ‘nozzle, but offset 2 ft to ais piezometers, opening flush with 


the concrete surface of ‘the “apron. These piezometer openings were con- 
ducted through separate pipes to a manifold and pressure gage in the 
‘power station. ‘The pressure ; gages accurately calibrated “previous 
and during the tests. With any | given flow over the | “crest, a ‘number of 


readings were taken simultaneously on both the Pitot nozzle gage and = 


piezometer gage. ‘The i ndicated water pressures were then plotted over 


each Pitot nozzle and piezometer as the kinetic and static energy, Trespec- 

tively, at ‘that point. | ‘Fig. 16 shows ‘the plotting of such readings for the 
highest head yet obtained over the crest. The Pitot nozzles are situated 
just off the eurface of the apron and will register the highest 
of the water through the hydraulic jump. | This “was ; found to be true from 
tests on the model (see Fig. 8). fet indicated velocity, of course, is not 


Log 


average velocity of the cross- “section, but will show change, 


the test apparatus. of the hydraulic jump in dissipat- 


ng the energy of the overflow is vividly “illustrated by the sudden m drop 
obtained in the energy gradient curve as. s shown i in 


Curves. obtained from ‘model measurements, taken at the 
have also’ ‘been plotted in Fig. 16. The mc 


higher of the jump acti Data lower 
y of accurate meas 


RICTIO w Loss AT THE Tor 
the readings Pitot fon apron, which 


—— 
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rate, having been obtained gaging the dam. 
difference between 1 the velocity. head as indicated by the Pitot tube 


readings the: theoretic velocity head (which is the between 
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Se ye oe sheet of water. These rather crude Pitot tubes will not, of course, [#0 


TESTS ON SPILLWAY OF MADDEN 
friction loss } AS 80 indicated by them may prove interesting. _ It seoive-olll 
that the average of the five readings obtained at different heads over mee 
“crest by an equation o of the following form: 


dam ; = friction coefficient depending on t the roughness of 

face ; es the exponent of the depth, | expressing : a a relation to the. friction 
loss; H = = the height of the dam, from crest apex to station « on toe a 
involving the length of the channel, which is practically constant for cm 


epth of water over reservoir 


overflow dams) ; = the dep 


elevation to crest apex; and H+d=an 


20 40 120 140 
Values of Head Loss at Toe of Dam of H Height 


SEL 
A curve: of Equation the 
Tig. 17. 
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protatype curve can be made to at the points ver 

closely by changing the coefficient, fn = 0.00934 to fr = 0.00874, or 04 ey 

the prototype coefiicient. ‘The friction loss, then, occurring at the toe of the m: 

2 an overflow dam of any size, , whether. model or “prototype, may be expressed obtain 

age Equation | (8) when fn is a coefficient of friction depending on the Tough. Bh cates 

ness of the surface, varying from fe = 0. 00374 for the painted galvanized tion, Q 

a] iron surface of the model, t of, = 0.00934 for the concrete surface of the way @ 

Prototype dam. he f is expressed in prototype values and the result- A 


ing friction loss, hy, must be divided by the scale of the model (in ‘this “case, fully 


72) to obtain the actual value in terms: of the model dimensions. tha 

In attempting to check the theory that this difference in energy los one 
t be ¢ due to the roughness of the surface, numerous attempts were ‘proce¢ 
to apply the Chezy formula to the test points. Results varied, gates 
em on ohana as to the mean velocity and the mean hydraulie three 
radius. constant, n, could not be obtained by substitution in Kutter’s vere 


or Manning’s Consistent values ‘were not obtained until the mean The « 
velocity, assumed to be the average of the velocity 

3 crest apex (see Fig. 11 and Fig. 44) and at the toe, ‘and taking the mean only 

radius at the depth where this mean velocity occurs. A of tl 

formula was obtained i in the exponential form which satisfied both the piled 


atta 


of the spillway ‘the crest apex to the toe (the the 
oa t the crest apex being 3 q 5 ad , the velocity at the to eis being ta taken from — 


Vn 


at the toe; depth at the point of mean 


the horizontal joints the down- face of the proto- 
dam unusually rough. ¢ indicated, then, that Equation a0) of 
ie could be used for computing resulting v velocities at the toe o f dams, by ‘test 
i ing the ‘proper value of nm for the surface and solving in the same “apr 


Manner as that used to derive the equation, q 


When and if further tests are made on the prototype at heads compat- one 


the model data, the coefficient of the Pitot tubes as used could be 
— om tests on a model, 1 in more accurate data for or 
comparisons that been 
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values assumed for n seem logical. The model was + 
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“The correct ‘procedure for operating the drum- gates was from 
the model tests, as previously discussed. It was found that in order 
obtain the proper functioning of the hydraulic jump, all ‘spillway drum- 
gates should be opened to the same amount. — To verify this model | predic- 
tion, ‘an attempt was made to measure the resulting erosion below ‘the ‘spill- 

way apron, with various combinations openings. 


sult- A schedule of tests was run in which , first only one gate was opened 


vase, | fully and allowed to spill for 3 hr, then all four gates were opened ra i 
that the same quantity of water was spilled was passed through the 


loss me gate. The four g ge ates were ‘then allowed to ‘spill for 3 hr. This 


‘ied, rates: partly pass same quantity ‘of flow ‘similarly, 
ulic three gates. After each of these settings, soundings of 


'er’s were taken ‘the tail- “race below ‘the apron for the purpose of comparison. 


ean The change i n the profile of the river gravel was slight, however, ‘that 
the no definitely conclusive comparison could be reached. _ There seemed to be g 
ean oly a shifting of the deposits, with little movement down stream, at any 
A of the combinations tested. The gravel was moved at place and 


piled up ‘at another. There» were indications, however, that the flow, with 
oly one or two gates opened, tended to form concentrations and to ‘erode 


channels that might be excessive if the discharges were greater than those # 


Fig. 18 shows a typical profile of the gravel deposits below the : apron 
before and after all ‘spillages: in the aforementioned series of tests. 
be noted that the gravel has been smoothed off, but no erosion occurs = 
the Tip of ‘the sill, which is ‘the vital p point. Quite a depth of 


over the foundation rock. . At higher flows more 


Gravel Line 
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re 
Fig. 18. —TyPican EROSION BELOW 


of the over- burden be expected, but it was found from th 

scour undermining 
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19 is 
me gate Note that the adjacent tail-w water crowds beginning of 
the j jump, causing the flow to concentrate toward ‘the retaining g wall. This. 


concentration produced excessive 2» gravel erosion below | the a apron. 


more positive ‘indication of effects of one gate operation was 

tained tion reading “taken on the Pitot tubes along the apron, which 
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‘a were situated below Gate No. wee If this gate were opened alone there was 


a marked increase in the velocity along the apron as compared with the 
velocity ‘existing if fone gates partly. to. pass the same flow, 


19.—Vinw 0 or SPILLWAY ‘SHOWING INTERFERENCE WITH Jun 
ON APRON, CAUSED BY THE TAIL-WATER BELOW CLOSED GATES ; 
Frow, 7500 Cusic Freer PER SECOND 


visual is to Fig. 20 which | 
the same open 


opera 


‘position, without detriment. ~The controls are to 
Except for short periods, or at low heads, ‘the indi- 


1 be dangerous ‘6 allows pillages from the gates 


At the Medien Dem "spillway to date, the of 


hydraulic jump has been consistent with the predictions made from = 
model tests. The depths furnished by the natural tail-water have caused 
¥ the jump to begin just at the toe of the dam at any flow. Fig. 21 shows the ‘ 
oa hydraulic jump at the toe of the dam for the maximum flow attained | 4 
to date, of 31 800 cu ft per sec. Fig. 20 ‘shows ‘the jump at a a lower flow. 
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IEW FROM SPILLWAY BripGs, SHOWING HYDRAULIC JUMP ON APRON; © 
FLow, 7 600 Ct BIC FEET PER SECOND 
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Fie. 21.—View oF HYDRAULIC. 


Va 
31 800 Cu 


resultant of the depos beyond the concrete ¢ apron, , almost 


sured | velocity at the toe was: 
o the difference in “the 


- curves taken over r the spillway -erest on the model could be used ‘to Predict — 
the prototype nappes within a reasonable egree of accuracy. The ‘compara- 
pressures on the crest seemed co: consistent. apparent increase was 

obtained in the discharge over the er crest the p prototype dam from that 


‘All the model predictions wer 


flows over the spillway. and there ‘no corresponding model data avail- 


ible for a direct comparison. "Accurate and complete data were mot taken 


nodel was” built” ona rather small ‘scale (1: 12) and very 0 
ischarge were difficult to to measure; (2) ‘the principal objective of ‘the 
model experiments was ‘to determine the best method to handle the 
maximum flows safely, so that few data were obtained on flows less" 
than ‘prototype equivalent of 50 000 cu “ft per sec, For greater flows 
however, complete and accurate records” were » obtained at various” nerements 
of flow Sp to the maximum expected | discharge of 260 000 cu ft per sec. a ge 
e comparisons which have been attempted herein” were made from 
xtrapolations, but it will ‘not be until these tests are ‘completed, for higher — 


“discharges that omprehensive study can be made. what has been 
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n. Soc. 0. E E., was first Designing and, 
r, on the project. designs anc specific 
tions we were prepared by the forces” f the U. 8. Bureau of ‘Reclamation, in 


‘Denver, Colo. , in collaboration with the Panama Canal organization. 
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READJ USTMENT OF TRIANGULATION DATUM 
Juzrus L. SPEERT,! JUN. AM. Soc. | 


ia a The readjustment of the basic triangulation of the United States | to ‘the 


North “American Dat tum created a ‘problem to all organizations whose 


"surveys were built on ‘the basic: system. ‘Complete “Tecomputation an 


“its earlier ‘triangulation ‘the new ‘datum by by applying corrections to 


the old datum values. 


mate ‘methods of determination give reasonably precise results. 
When the sub- 


Several methods of ‘readjustment have been developed. 


ordinate triengulation is, is tied to the 3 new datum through a single 


“a 
only, three ‘methods are availabe: ‘determination ‘the 
new | translation, rotation, and linear 
for determining corrections by 1 plot- 
lines of equal position changes; and (3) mechanical method -requir- 
ing an easily constructed transparent rotating guide. ‘When the subordinate 
a is tied to ‘the new datum at three or more ise ‘the new a 


4 


lines of e equal Position 
aS changes. The corrections to length and azimuth of the geodetic line are Yor 


wil 


created a problem of major importance to practically all other surveying 
organizations | in the country. an triangulation of that 


ment of of the United States 
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had been computer based on, the ares of th main plan, no o longer 
fitted ‘these they were shifted | or chi 
greement with | the new 1927 North American: 
the United States Geological Survey, it was realized immediately that 
direct recomputation from the original field notes was out of the question, | 


various 1 ‘methods have been proposed and tried the 
‘main control system. have been studied, in order to ascertain what changes _ 
mu ust | be introduced into” to 


‘mony t 
none had before. In changes" of position, direction, 


128 
and length, instead of with those « quantities. ‘themselves, ‘the magnitudes | 
the terms in the computations are kept so small that "simplifications 


can introduced readily without diminishing the accuracy the final 


as spurs from single “bases. of these arcs have since been 


parts of closed ci circuits by later ties other arcs but, in most cases, 

the closing errors have not been distributed throughout the work, | The ued 


to the 1927 North American alee was as undertaken. 


‘Witson Mernop 


o readjust the old Geological tri- 
sai 
gulation to North Datum by means of f corrections 
previously comp uted values, made by R. Wilson, M. Am. 
00 C. £E. , Chief of the Computing Section of the Survey. His method — 
and clearly described in a paper presented before ‘the Federa 


Board of ‘Surveys and Maps on April 11, ain The following i is a brief 


& 


summary of his method. ue ar 


ingle basic lines of higher order triangulation of ‘the Coast and Geodetic — 
oP 


ae such a net, any change in the length, azimuth, or ‘position 
the base could: be transferred to the remainder of the network without 


i any of the adjusted angles of the earlier oped adjustment within i i 


he co- -ordinates of f the ends ‘of the base, and “the: 
in azimuth and length of the base. The entire system can be translated 
bodily to bring one end of the base om its new position; the system ca 

is “then be rotated about this point to bring the base into its correct azimuth. 
» finally, a a uniform is. applied all lines of the system, 
‘correct ; position, and the 

new datum. By means of 

, rotation, and scale 
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factors “may ‘tei to all poi in net 


‘their ‘Positions on the new datum, and all lines may be corrected by 


azi imuth and scale changes. ad, 


‘tion from a single ‘base and have no other thee: to the 
new datum. In many nets, however, other ties have been made, either — 
at the time | of the original survey, or subsequently. — In such nets, the 
-yalues obtained by this method would fit the original perfectly, but 
“would be likely show discrepancies at the other tie points. For these 
conditions, other methods of treatment were found necessary. 


i For those nets in which t or more ties to the new 
“datum are available, a graphical method for determination of the 
corrections has been developed by C. L Nelson, ‘Assistant 
graphic Engineer, S. Geological Survey. 

a scale 1 map or tracing diagram of the ‘triangulation ‘net to 
adjusted, all available ties to the new datum are indicated, and the proper 
corrections noted which are » needed bring” the old values for latitude bes 


and longitude t to 0 the ne new datum. By interpolating along Tines between the | 


the fixed tie-points. ‘When of ‘such values have been 


possible to draw: lines on the tracing representing lines” of equal 
rom ‘the previous positions. This is 


ve 
a 


a map when the elevations: have been | 
4 at a number of fixed It will be “necessary to have one 
t of lines and another s set for longitudes. These lines have 


+1240 


ISOLATS, 
of the ‘ “isodiffs” 
the of ties is greater than three, straight- line interpola 
‘tion between tie-points sometimes leads to For i instance, 


in the ‘illustration i in Fig 


— 
q 
— 
f 
a 
— 
— 
— 
— 
4, 
— 


different values ‘might be “obtained ‘the intersection, 
RA! Under such conditions, it is advisable to assume a value for the intersec- 


tion which would be : a weighted mean of the values obtained from the 


respective with the interpolation that point 


a 


its position | just as” the of any ‘point. on ae 
; ap may bet read from the contours, this being the purpose for which 

example, in Fig. 1(c), the corrections to be applied to ‘the old 

co- -ordinates of Station A in the > system to be adjusted, a1 are read as + 0.03 


for latitude and + 22 for longitude. Similarly, the corrections to. ‘the 
co-ordinates of Station B B are — 0. 0.02, and 1 18, respectively... 
construction and application of the “isodiff” chart will be expedited 


different colors are used for the ‘ ‘isolats” well as to 

may sed for latitude corrections a 


n the of satisfacto ory and men “hight: 
conceivably obtain different sets of lines from the same data; but experi 
has shown that practically all cases where three or more ties 
available, excellent: results can 1 be obtained by this ‘method. The “per- 


sonal: factor,’ ” furthermore, i is ‘not as serious a disadvantage as it might 


since ‘is inherent i in almost any 1 of 
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The proper application of the “ sodiff’ corrections to be 
obtaining new values for. the positions of the triangulation sta- 
tions, but does not yield any information concerning the lines con- 
necting stations. F or this purpose, the following formulas have been 


When the required position Comppotions have | been for the sta- 


tions in a system | and applied to the old values to bring them to» the new 
datum, the lines connecting the stations ready” for ‘readjustment. 


“Although inverse geodetic Position computation could be used» 

determine the ‘desired values for the lines | on the new datum, sufficient 

‘precision ean be obtained, at a ‘considerable saving time, the use 

approximate Ser the determination of the corrections to the 


do this, consider a line connecting Triangulation Stations and B 
in Fig. 3, with a length equal to s and azimuth at Station A equal to ye 


‘The corrections to the position of Station A (as determined by “ “isodiffs” or — 


by any other + means) 4 are dd, and dy and to the position n of Station B, dds 


dds. It the line is translated by — dds and - — Ds, ‘no change in its | 


direction. will take place. ‘Then, the resulting relative changes 
if n latitude and longitude at Station B will | both be 0, and the changes at 
“Station A A will be 86 dos and 8 = dh. — These latter” 


or 


values ‘represent the net change within the line, AB, the relative change 
one end with Tespect to other, and are the that cause wh what 

ever change there 1 may | be in ‘the length or in the azimuth of the line. he 
Before they can be used in the computations, bp and 8) 

scoonds of arc to meters by the formulas: 


a 


factors, hy and represent length on 


30.77 m 7 m at Latitude 28°, to 30. 90, m at Latitude 50°, 
mean value of 30. 83 m_ has ig assumed precise for all 
points in the ‘United ‘States. value of R va rapidly (see 

If De and Di are plotted at ‘Station A an enlarged scale, Point 
fe 3), represents the new position of Station . A with respect to Station — 
B (to the "distorted seale), and the total displacement of the station is 
Tepresented by by If this i is s projected on AB, then AE represents ‘the 

“linear change in AB (to the scale of the plot) and AE is a measure Yee 


the: rotation of the line. The angular rotation at Station B (to bring BA to. 
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Length, R, 


surface, of 

second of 

longitude, 
meters 


Length, R, | Length, R, Length, R, Length, R, 
on the earth’s _ jon the earth’s ys on the earth’s ei ; on the earth's 
surface, of |Latitude,| surface, of |Latitude,| surface, of |Latitude,| surface, of 
1 second of | ¢,in | 1secondof| ¢,in | 1secondof | ¢,in | 1 second of 
longitude, 2 degrees | longitude, | degrees longitude, d longitude, r 


= 
23.37 


41 46 | 21.52 


UES 0O AOTORS AND 

Factor || Factor Factor Factor | 

@ | @ | (2) | (3) 


4.269 .504 
-272 -511 
.517 
.524 
.531 
-537 


~ 
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4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
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4. 
4. 
4. 
4. 
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aati 
2 | 2 m the c 
a 33.0 122 1 | 10.54 +42 5 1927 
43:0 | 20.33 32.6 | 15.39 || 22 566 | 5 
4.006 20.23 || 32-6 130 | 15.28 lite 10:36 || 11 ‘573 the 
42.6 20.1 32.2 133 1510 -303 10.16 5 9| 5. corre 
42. 4.01 9.95 |] 8 15.0 311 | 10. 596 
42.2 015 5 31. 138 4.91 9.97 ° 5 appa: 
a 2.0 4. > 19.8. 141 14. 2 21 88 .604 5 
4.01 19.76 || 1.4 14.8 320} 9. 10 612 
41:6 | 4.019 19.87 | | 324 | 9.78 |] 10 621 | 4. sider 
41.6 4.021 57 146 14.63 || 0 3 9.69 10 "29 | 4 
a2 19.38 30-8 | 14:44 || 30 ‘337 | 8:80 || | 
19.2 30.4 58 | 1 341 6 & 
40.8 4.029 19 || 14.25 19 | 9.3 9 665 inere 
4 | 4.0 19.09 80/0 63 | 14. 19 350 12 -674 4 
40. | 00 || 8 14.06 19 .354 | 9. 9 683 | 4. insta 
40.2 36 | 19. 166 96 3 9.02 4 I 
| 4.0. 18.90 6 @ 19 359 9 693 4, 
3 | 4.038 «29. 169 | 3.87 8.93 8 . 4. the 
ae ag ie Pi: 8 | 4. 18.81 299.4 172 | 13. 19 364 -703 | the 
cam 39. 4.040 71 || 13.77 48 "368 | 8.83 8 
2) 18. 175 .36 74 iff, 
4.04 18.62 || 0 13.68 Bt 373 | 8. diffe: 
4047 18.43 || 28:8 | 13.49 || 18 shift 
— 0 18.4 8.6 4} 1 18 
053 | 18. 190 20 || 1 
38. 058 95 || 27. 19 
38.0 | 4. 17.9 27.6 200 | 13. 2 || 17 
37-8 | 4.000 308 | 12.82 || 
067 | 17. 210 2.63 || 
14: 17.57 296.8 213 | 12. 16 sines 
4.070 17.48 || 6 12.54 || 16 
| 17:38 ea) 12-85 || 16 poin 
4.077 19 || - 12.25 || 5 7. 921 | the 
230 | 12.16 456 | 7122 938 | 2 a 
36.0 | 4.081 233 || oe | 2 vou! 
6 | 4.08 16.81 5.2 240 | 11. 14 473 4 -994 1 ‘Mab. 
4.089 72 || 25. 43 | 11.78 4 | 6.84 4 15 
4.004 | 16-62 || 38-0 247 | 11:68 || 14 | 8:74 | rou 
BB. 4. 250 | 11. 14 492 | 6. ne} 
096 | 1 24 25 1.49 6.55 || : 
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mar 


| 


4 


rotational change occurs both ends of ‘the line, anc applied 
to a, as well as to. and dem 
Line AE, Fig. 3, in “meters, the change in the length of the 
line, AB. If this is multiplied by a factor, ¥ which is | the tabular differ- a 
cave (in units of the last” place) i in per meter of 

ox but Dd sin 


mer 


the change in log s = d (log s ase Ri 
— Do COS dy and therefore: 


When the total latitude correction to both ends of the line is appreciable 
@i is the case between some of the old : astronomic datums i in the West and the 
1927 North American Datum), a and the difference longitude between 
the: ends of. the line is large, term must be added to the length 


correction to for convergence of meridians. 2 This “need becomes 


eal." 


increase in latitude. For — 
the same latitude, but on 
different ‘meridians, were 
“shifted north, by the same 
am moun differential 


change between ‘them would | 
be zero latitude and 

-sinee the m movements of the 
-Doints were 1 not parallel, 
the distance between them 


“would be decreased ‘appre- 
ably, whereas the azimuth 
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To determine due to convergence, consider Fig. 
oints A and 1B B are moved northward along different: meridians 


| BY, “respectively. If is the e mid-point of the line, AB, 
m, Or the mean. change. in latitude of Stations A and B. Inn meters 


: CH: "The next step will be clearer if the | ine is assumed. to be brok en at I, 
and the two halves are moved separately as shown in ‘Fig. 4(b), so that MB’ 


is parallel to BB’ and equal to dom, and MA” i is parallel to ‘AA’ 
equal to dpm. For the amall:.angles involved, the arc, A” ‘may be 


treated as straight, line. Then, BB” = BM; BM; 4A” = AM; cand, AB 
+ BB" . The shortening of ‘the original Aine would then be the 
"distance by which the halves overlap, or, A“ —E = 
cc A"B” sin Cc + da); | but A “BY Gn meters) = Qd pm Aa are 1 - Since d da 
will usually be very ‘small compared ‘to a, sin a may be 

gin (a + da) with negligible 

= are Y dom Aa sin a. (4) 
By substituting are 1’ 0.009, approximately, and noting that 


¥ 


Since $s has been derived in meters, it should be applied to the 


s) = C (D¢ Di sin a, + 0.009 


the original formulas Were derived on the basis of a differen 
change at ‘Station the | same might have been done, instead, for the 
change at Station preferably at the mid- -point, and the results 

determined in the ‘same form. it seems reasonable, therefore, the 
of the: line “instead that beet and the final 

sin & - Dh 08, 


which Dg = 30.83 84; 36 = dd. — dda; Dk = R 8A; 8A = dd, — dha; 


a da, and d(log = corrections | to. old | datum values for latitude, longi- 


tude, azimuth, and log meters, respectively ; = the mean of and ds; 


a = the mean azimuth of the: line between Points: (1 to 2), (or nn 


in 


minutes of =e, 
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is to hold the computations for four. is 
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> - C (De cos a —Dd sin a + 0.009 dom 4a sina*) 
Thep product sin a will always be negative. Signs must be carried 


Sey 


5. 
1. De sina_ _#/.6 cos ass 
__ da sina* 

(sec) = da (sec) = 
10. “Kx Sum_ —Kx Sum _ 


2 da 


Fic. 5.—SaMPLE FOR COMPUTATIONS. (COMPLETE ‘Fons PRINTS Computations FOR 
Four Gropetic Lings). 


hown in Fig. +5), which may | be performed conven in t 


entered on n Line 1 of form; the of the stations 
involved, together with | their respective latitude and longitude corrections, 
on Lines 2 and 3; the “mean | latitude and azimuth » log distance, and 
‘convergence, on Lines 11 and 12, as indicated. All these values may be 
taken by inspection the available records for the two ‘stations 
involved. _ For third- -order triangulation, with ‘positions given: to the nearest 
0.01” of latitude and longitude, azimuth to the nearest second, and log 8 a 
six x decimal places, it is sufficient to use @ and a to the “nearest degree, > 
log 8 to three decimal places, and Aa to the nearest minute on the form. a PY 
Next, 8 and a are determined by algebraic subtraction and entered on 
Tine 4, and Do ‘and Dd are computed and entered on Line 5. Note that 
‘Ris taken from Table 1, using ¢ as the argument ; and cos 
taken from tables, using the and are Line | 6 
are determined and 


na is entered on Line 


— 
[B" 
the 
or 
— 
(4) 
hat 
3 
OF 
(6) 
— 
4 
the 
nal — 
.—l 
(7) 
— 
— 
bs; 
ered 


READJUSTMENT OF TRIANGULATION Papers 


ained algebraically as “indi. 

argument, and as indicated to obtain da and d(log 8) 
ey on Lines 10 and 11, respectively. | The initials of the computer and the 


C are direct functions of — either, for a for 
‘the 2 value of log is limits of Tile 2, Gad the 
desired for the log s s in the table with multiply 
ia divide by » the proper power of 10; for instance, C and K for log s = 2.200 
are 100 times C and for and for log 


In 


‘able 2, by: 


tabular value by 10; for each place less than 6, divide by 10. 


= arranged for intervals o of 0.2 for C and 0.095 for K. at aeeee 


With all” the necessary information before him, the “average “computer 


should be able to determine the corrections | for a geodetic line in from 


a 8 to 5 min. The work can be speeded considerably by setting up a number 
geodetic lines on the forms and computing them together, completing 
each operation on ‘the entire group before proceeding with | the > next. If a 


is used for ‘recording the last step in 


to check the values and 8) computed by the 

nomographie chart of Fig. 6 has been prepared, on which the 
‘same corrections 1 may be determined graphically. It has scales for 
(the: differential change in. latitude within the line) ; ; “(the differential 


change longitude at the various ‘Jatitudes) ; sin a; cos a; 8; 


ae ae the desired corrections, da and d(log s)’. In addition, there is an auxiliary : 


chart for the determination of ‘the supplementary correction to. 


To use Fig. 6, proceed | as follows: To » da, mark on the proper 
we scales, 5¢ (Point a), 84 (Point b) for the proper latitude, sin a (Point: Oh 
a (Point d), and log s (Point e). On the scale, project, the inter- 


ms section cof the horizontal line for $a and | the curved line for 8A to the main _ 
lide the fine vertical lines. 
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Connect log with» a (Line and a parallel (ah) 


to intersect the vertical | index line e containing the sin and cos. 


sales. Call this intersection Point (h). Connect log 's with cos” a (Line 


de) and draw a parallel line through gk) to: intersect the vertical 
index line on the right half of the chart. — Call: this intersection Point (k). ae 


The line joining Points. and i 


“Lo determine d(log. 8), the markings (Point 

cos a ‘(Point c) are the same as before: (Point a) ‘must be set. 
on opposite side of the dp- -scale, s (Point be on 


Connect | Tog and cos a (Line ec) and parallel line 

through 3h, intersecting the left index line as as before. Call 

tin Point (h). Connect log 8 and sin (Line de), and draw 

line through intersecting the right index line as “before, Call 

this intersection Point line joining Points a and inter 

sects the d(log 8)’- scale at the preliminary value for 8) Point (1). 

7, an auxiliary ¢ chart for the convergence ‘term, has scales for log s, 

a, ddm (the latitude correction), and (log ; Tou use this 
draw line (ab) connecting 8 with Aq. Through the -inter- 
section of this line with the diagonal, draw line from dm OF to 
“intersect the right vertical index (Point: d). 


: and a (Point « e) on the diagonal s« scale, draw a a line (def) to meet th the left 
at d(log 8) ”, which will This 


value for d(log 8) ” should be added to the preliminary value, 
obtained from Fig. 6, to derive the final | value of  d(log 8). 


For u use in the office, the nomographic chart has been drawn on a double- 
mounted plane- table. she et, 18 by 24 in. in size, and ‘covered with a a sheet 
transparent “cellulose acetate. All marks and lines for each pr 4 


are drawn in pencil on on this cover, from which they may be easily removed — 


later with a soft eraser, leaving the chart clean for the beginning of + eS 


other problem. Parallel lines are drawn by using 


rule « or a pair of triangles. 


F; 


or 


Interpolation along the line 
two tie- -points, gives only ‘the spacing of the “isodiffs”, but no 


their directions. should be possible to compute, 
formulas, 


= iii: 
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mination of the various constants, could be dispensed with ; if @ means were EN 


found to draw the ‘ “isodiffs” from only two. points as base. This ‘means 


graphically the principles of ‘the Wileon: method. 
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"Assume, for instance, that Ties A ig. 8), ‘are available wit 
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Dr. 


Since ‘system must same treatment as the all 
bssaneg must be swung by the same amount, Kx W E, around Station Ba as a 
and reduced (or expanded) by he mine rotation, 


se or convenience, consider Point F on the same meridian and Point G on 


“the same parallel a as Station By so that BF = BG = =e - At Point: F the rela- 
han the scale change only and 


f “isolate” slong Line ‘BF 


od factor, 


“only, and equals A’E and the ‘spacing of 


= Py n, - | oa It is now 
possible to draw the ‘ iy “jsolats” ” by ‘either of two ‘methods; 
‘tion along Lines BF and BG, using the intersections on AB as a 


_ check ; or (2) by the simpler method of interpolating along: AB and using 

the indicated by slope ratio, The 
will be straight, parallel ‘ines, uniformly spaced. wit 


e 


AE, and ‘the a longs’ along Line 


the 

wilt be noted that the of is recipro- 

‘“Ssolats” which , by the principles analytical 

it shown that the normal spacing “isolats” 


‘the normal spacing 
solats” 


+7) 


ADJUSTMENT OF TRIANGULATION DATUM Papers M 
8A, D Dd and D) are plotted at A to an enlarged scale 
before, Point A becomes the new relative position of Station A, and 
Pee Sa Point E the projection of Point A’ on Line AB. Then, AE represents the Li th 
| 
— 
— 
— 4 
— 
of 
— 
— 
— g, 
if 
“solats” along Line BG th 
— se 
— 
ar 
— 
— 
4 
in 
— only, and equal 
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— by AF only, an 
Begs 
— 4 
— a 
a 
— 
ot 


1987 READJUSTMENT OF TRIANGULA ION DATUM 


Special attention n may now be called to certain fundamental “features 

of the “isodiff” diagram. Whenever a net of triangulation is shifted so _ 
no change occurs in any of the previously adjusted the 


net, the following conditions must result: 
(a) The “igolats” will be straight, parallel lines, uniformly 


% (b) The e “isolongs” also will be straight, ‘parallel lines, 
and they will be. perpendicular to the “isolats”; and 


te (c) The normal spacing of ‘the ‘ “isolats’ "will be to the normal spacing 


of the “isolongs” as” Q is to R for the mean latitude of the project. loins 
onversely, it would appear ‘that, when a graph of “isodiffs” satisfies 


Conditions (a), (bd), and ‘the shape of the ‘triangulation “net being 
adjusted is not changed or warped. In other the net may have been 


shifted, rotated, and expanded (or contracted), the angles: have not 


been altered. 3 This will ‘be true if one other condition is s satisfied; namely, 
if the direction of ‘inereasing values of the “isolats” is taken as north, 


the of the ‘isolongs” should i increase to the westward. If this 


pattern. is kept mind when drawing “isodiffs”. for the general problem 

several tie- “points, an effort can be made to adhere to it it as far as possible, 

in order to minimize di distortion in the sy that is 


To summarize simpler construction for “isodifts” only two ties 


“are available for a a system: At Station A, plot Dé and Dd to Peles 

A’. Measure’ Lines AE . Along the meridian through Station B 
BF), lay of BJ = — — WE. Along the parallel through Station BCBG), 
ay off BL = AE. Interpolating along AB for apy intersections, 


s, draw “Gsolongs” “perpendicular to JL. These "may 
xtended Points A and B, respectively, by continuing same 


by the ; and the uniform a 
ions may be applied to all lines in the same manner, 
been developed by Mr. Nelson fo the graphical 
Spplication of the: princi iples by Wilson. a trans 


Station A, plot Do Di to Point. Then, AA repre- 

sents the actual movement (to the distorted scale) of Point A. With 

about Station B, all p points on system will “peceive 


same Telative movement with to the magnitude of “Move- 


— 
q 
— 
— 
sis 
— 
— 
| 
— 
distance between “jcolate” jc to the normal distance between “isolongs” as #####§ 
— 
— 
varying only with the distance or each point the pivot. 
Ba and BA’ are extended indefinitely, the original position of 


DJUSTMENT OF TRIANGULATION parum* 


BA fall on. BA’ af 


To 1 use the ‘adjustment guide, pass or tack through “Point 
inp B on the ‘guide and Point B on the 1 map, so that the guide is free to pivot 


about that ‘point. Rotate the: guide about the pivot so that each ‘Station 


to “ay adjusted ‘will, in turn, fall on BA, extended. Project the: station to 
A’ by a line parallel to AA’. Measure the differences in latitude and 
ngitude for each station to the scale of the guide, and divide by Q and R, 


id 


respectively, to obtain (d$)’ and (ay. The projection BA’ 


made by eye if a number of ines are ruled on the guide parallel to AA’. “ oo 


ie Oe When a number of + stations are to be adjusted by this method, time can 


are prepared in which one, unit of (dg)’ is to one unit of (ay as Q ‘is 8 to R. 


With the aid of these auxiliary scales, and dA, , for Point A, may be 
directly on the first them to and 
course, 


use 


adjusted. ‘The uniform aximuth distance corrections 


4 2 
seribed are based on “approximations of varying However, 
thy 


‘the ‘actual quantities considered are so small, they be determine 
still ‘be well within the accuracy of the origina 
mathematical will” seldom _ require more than 


“in. rule will usually be found 


weakest link ; in of would appear to 


be ti the construction of the “ “sodifis” When ‘several are available. More- 


= the original computations. In the readjustment « of good field work that ha! 
‘rigidly adjusted to a good datum, the change datum will ‘not be 


= likely to distort. the originally adjusted figure to any great extent, ‘80 that 


“isodiffs” should be sketched with little difficulty and will be fairly 


ines, well spaced. For si such work there ‘should be little 
suitability of readjustment by “sodiffs”. int JA 


‘a 


the field itself contains appreciable discrepancies, or if, 


not properly adjusted, or adjusted to a a poor datum, the corrections at 


the tie-points might not be expected to be consistent. The ‘“sodiffs” 
uch a be badly curved and poorly: spaced, | but th 
probably be ‘no worse than the orig- 


saved if scale s for (dp)’ and for the mean latitude of the project, 


am 


which is on ter adjustment, and the path of 
— | 
3 pe 
sk 
br 
— 4 
— 
po: 
a ‘fre 
on 
— 
thy 
be 
der to coonre the final ectiona for coach station b 
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— dr 
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: = an 
— 
“se 
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we 
— 
— 
— 
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usefulness might otherwise be lost completely. bo 


‘These methods, furthermore, permit the closing of that 
consisted of independent links tying to common ‘Stations, but with = 
ent co-ordinates. In some problems of this type, is a simple matter to 


sketch the e ‘isodifis” between the fixed ties, due allowance for 

Another method that sometimes gives good results | is to assume as a 

= position for each common station a weighted mean of its positions on the re- ‘ 

spective triangulation "nets tying to it, , the weight depending on 

strength the “respective mn nets and the distance of ‘the common station 


each of the fixed tie- -points. « station may then be used 


as a fixed tie- -point in the adjustment. 
third method, somewhat longer either foregoing but, 


rigid, involves a "partial preliminary adjustment. 
link in ‘the circuit is, in turn, , adjusted to the datum of any one of | 
the links, regardless of the fixed tie- -points. When the entire cireuit has 
been reduced to to a single unified ‘it t may b be adjusted to the 
Other appropriate” methods will doubtless “suggest | to 
computer » according to the “specific problems on ha hand. 2 
use of these methods for readjustment mt of old work suggests 
to new that might warrant the consideration of the 
lfa chain of quadrilaterals: other suitable figures) is 
; xtended Seen. oh one fixed base to close on another, it should be possible to. 
begin . with the fixed” positions at at one end 
“through individually adjusted figures to obtain new values for the fixed 
positions at the other end. The “lecessary corrections to bring the closing 


stations to “their proper positions may then be determined, and ‘ “isodiffs” 


1 


drawn for chain, using the corrections | determined for the ‘closing end 

and zero corrections for the other end. Then, all intermediate positions could 
be corrected by the indicated amounts, s, and all lines corrected for azimuth on 
teale by the By ‘means, latitude and longitude conditions 

as wall. as length | azimuth | be satisfied for both 


bases. 


ap 


oan 


The choice of methods for readjustment of datum may 


(a) When two ties to the new datum are positio 
‘corrections by: The Wilson formulas; (2) the 
guide; or @) two- ‘point “ 


corrections to all lines. 


— 
— 
— 
a — 
— 
ate 
— 
— 
— 
— 
ifferencess 
ppreciably eo 
it | 
y mmarized — 
— 
— 
are available, construct an “sodif”? =o 
2) Staph for the determination of position changes. Determine azimuth and — 
length corrections by the formulas or by the nomographic chart; or 
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EW. C. E (by lette The constructive - 


of the discussion of this paper is gratifying, and writer feels that its 


been materially increased _thereby. Although | these ‘discussions 


form” wide, shallow channels seems to have been generally accepted. 
Since ‘the items of criticism or questions raised “those discussing the 
] aper ‘cover a wide range of ideas and in few cases is the same question 


raised by more than | one person, this closure can best. be p resented by 
"dealing with the various discussions individually. 


The empirical relations derived by Mr. Lacey have 

widely accepted India. ‘The writer believes that they are probably 
best quantitative ‘relations yet developed. striking agreement 1 with 3 
the results obtained . Colonel ‘Pettis. entirely independent basis 


indicates strongly the general accuracy of the conclusions of both: men 
+ for average » conditions. It is believed, however, that at least one important 


factor has been omitted, namely, the concentration | of the silt load, foe é 
when the load is high, this becomes such an important factor that it must 


ig 
Imperial Valley canals, which, agree with his fundamental shape 


_Nore.—The paper by E. W. Lane, Soc. C. E., was Sublished in 
1935, Proceedings. Discussion on this | paper has appeared in Proceedings, as follows: 
February, 1936, by R. C. Johnson, M. Am. Soc. C. B.; April, 1936, by Messrs. E. y 
Lindley, J. C. Stevens, C. R. Pettis, Harry F. Blaney, and Sigurd Bliassen; May, 1936, 
by Messrs. R. B. and Gerald Lacey; by Messrs. Vv. Vv. 


Prof., Hydr. Eng., Univ. of Towa, Towa 
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ANNELS IN ERODIBLE 2 
representing the results “of sections of the canals" 
M. Am. Soc. , as stable” an 


small open the of ditches cited by. Mr. Blane ey, 


in Ft per Sec 


Py 


oy Values of Velocity, V, 


Values as Rati 


n. Table 5, assuming that the. siden are vertical. | The values given sc 


bly, even for the same ditch and station, but with one eaangiion, 
of them show the be ‘Although 
accuracy of. individual "observations _ may be questioned, the | data v very 


strongly indicate the shape formula does not Imperial 


y M and ndependently by Mr. » has been demon- 


“strated to be a rational measure of turbulence, although it may be a very 
convenient empirical index Some of the arguments advanced in 


of it do ‘not appear the f fact that tl 


pure to bear ‘no relation phenomena ot 
hannel shapes. that all loss: due friction 


ater is not accelerating, energy "dissipated per unit, tof volume per 


nit time must be to the by the drop. of the 


solid black do 
— th 
EE; 
=| 
] 
— 
— — 
high’ silt concentra alt V" empirically derived 
— q 
— 
— 
— iform fiow seems to be 
luable criterion in non-uniform 
q ratio is a valuable cr 
— te 
—— 
ence of a stream (under conc per unit of volume in 
d terms of the energy 1 to the product of the slope 
y a unit weight), is proportiona a 
g- 
— 
— 
— 


Ma 


n turn, equal the mean 
the water times Hence, the criterion of turbulence “should 
, BY. - Although some of the loss, no doubt, occurs in the laminar flow wa 2 
the boundary layer on the ‘sides and bottom of the ditch » it is believed — 


a small part 


that of ‘Manning, the expression, becomes 
Thu s, it will be see! 


that using ‘the Lacey formula, 


ne 


the empirical (and Tchikoff) criterion, 


agreement with ‘the: SV. This probably éxplains 


re silt 
"unquestionably, is a useful tool, but can only 


safely if all the important dimensioned variables are known, and 
will indicate nothing as to the effect 


of the dimensionless factors. 
It is “not believed that the conditions — in the | Imperial Valley 
"approach condition of flume traction, as 


“suggested by Mr. Lacey. 
nearly: all cases, the material through which these canals flow is composed 


of the § same kind | of silt as is carried by the ditches, since the material — 
was formed by ‘the deposits of the same river, and therefore, the Imperial — 
Valley canals flowing in a self-borne alluvium in a manner ‘Similar 


that of the canals of India. A good description of conditions in the 
Imperial Valley has been given | by ‘HH. T. Cory, M. 


. Am. Soc. ©. E. The 
 -writer’s discussion of scour of the sub- grade when the flow in the channel is” 
“capable of | carrying 


‘more material than enters at the head- gate, 
included to cover the entire range of cases, Tt does not apply generally: 
the canals of the Imperial Valley. 
a The flow conditions in the ‘canals are quite differe at 

those found by Gilbert, and saltation is not believed to occur to 


_ 40 “Irrigation and River Control in the Colorado | River Delta, Transactions, Am. Soc. 
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LANE ON ‘STABLE CHANNELS -ERODIBLE M ATERIALS Discussions 


extent. Even t coarser ‘articles of the ‘Imperial 
——— are much smaller than | the. finest material used by him. Observa- 


on the in with tts in ‘side, using bed mate- 
ial. brought from the Colorado River. This showed that at ordinary 
— there was a very slight motion of the material along the bottom 
s bed load, forming ripples similar > to these v which appear on the b bottom 
‘ot Imperial Valley eanals, but nothing resembling -saltation was 
“observed, and the greater part of the material traveled in suspension. At 
pie high velocities the ripples disappeared and the bottom became cantiatl, 
out of the bottom in Colorado River material at high velocities was also 
observed by C. Wright, M. ‘Am. Soe. C. 
Mr. Stevens gives an interesting comparison of the of 
rivers | with the Lacey formula, Equation (5), and notes the lack of agree- 
ment for the values of the Colorado River at Yuma, , Ariz., and the Yellow. 
River, at Chiang- -kou, China. The conditions of Colorado River at 


gaging: ‘station are “very” unustlal, and do “not conform to the: 


may account for the 1 lack agreement. A pm distance ‘above the 


Yuma, the: Colorado River contracts ver; very suddenly 
from a wide, ‘meandering stream and passes through a narrow gorge about 
400 ft widg, with sides” of very resistant material of clay and boulders. 
At the gaging section, a short distance down s stream from this throat, it 


is about 500 ft wide, ‘and also has very p permanent banks, possibly formed 


of the sandstone rock which outcrops only a short distance away. — 


; pass through the narrow ‘gap during periods of high discharge the water 
of the river must have a high velocity, which scours the light bed santeial | 
to a great depth. _ When the discharge falls, the channel The 


rriter does not believe that this is typical of the Colorado River as a ¥ whole, | 
as soundings in an unconfined section made elsewhere show no change of 
mean bed elevation with: high or low, water. Moreover, for such scour 
along the entire river during: high 3 water would -Tequire 


ny measurement. ‘The conditions at the Yuma g gaging station, -there- 


are very special case, and conclusions upon what happens 


there, if generally applied, will: be very misleading. 


The measurements on the ‘Yellow River given Mr. Stevens seem to 


me those recorded by the late J ohn R. Freeman, Past- President and Hon. 


M.. 1m. Soe. CO. E.” lh: this section there was a rock ledge on the right 
. = and rock ‘also appeared ¢ on mn. the left bank some distance back from the 
river. whether this station is in the class” for 

Stevens is probably « correct in his opinion that it is the momentary 


” which are “most effective in moving bed and ‘the: 
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alley | 

srva- | velocity of the adjacent of ‘water which in ‘itself causes the ‘move-— 
tion py of the material, but that n those parts | of the ‘cross- -section of a ditch | 
1ate- where the -isovels close together the _velocity differences. within a 
nary small di distance are” great “and, therefore, the turbulence is large. 
ttom spacing of the ‘isovels, therefore, is an indication of turbulence, close sp: 
ttom | ing indicating high, and spacing indicating low, turbulence. 
was Although — this relation is believed to be true for the ‘ordinary conditions — 
At ditch flow v where the turbulence is. introduced by friction, does not 


necessarily where the turbulence is the result, for or example, 


a 


hich ssen. ‘presenta, and that Mr. 
yeral 


until it is capacity of 


Mr. Eliassen’s description cof the heavy silt loads of ‘the Chinese 


si 
ietontaie should be a ‘ratio of | silt weight ¢ to the weight of silt rsa 


In most conditions the silt concentrations | are 80 small that to omit the silt Bs i 
weight from the silt-plus-water weight makes | a negligible difference, but — 


with the concentrations mentioned by Mr. Eliassen such a procedure leads c 


ry 
The writer is not t Elie the belief that 
1) bed load is an important factor i in streams that t carry a heavy suspended as 


load. Measurements were made in the Colorado River on. the crest. 
Laguna Dam where many years ago the river h had filled the Storage space 
The with | silt to the crest. level, and, , therefore, where the load ‘measured was, 
the combined bed and suspended loads. the same time , measurements 
¢ were made i in a section five miles: up stream, where only the suspended load 
anne was sampled. comparison of the ‘results: over considerable ‘period of 


the § time showed very little difference,” indicating a relatively small bee 


ers 
ae That this is the ¢ case is confirmed b the observations in the flume “pre- 
pens material ‘comparable in s ‘size that the Colorado River, but. the 


= formulas ‘derived for coarser material were > extrapolated by - Samuel Shulits, Be 
n to Assoc. M. Am. Soe. ©. _E., to the size of the Colorado River material, and hee 


Ton. the loads computed were found to be large, but in comparison with ae: 

ight | very large suspended load, are relatively small. — Seill another reason f 

the believing that ‘the bed is not, to any great extent, in “motion is that when 


8 sounded with 1 a rod it is ‘surprisingly hard, and does not have the ‘much — Fe 

softer feeling which characterizes coarser material moving bed load. 
: As a result of these four independent lines of approach all of which are in 


the § agreement, the writer believes that in streams carrying high concentrations 


s of 2 es “Why Desilting Works for the All-American Canal,” by C. P. Vetter, M. Am. Soc _ eng 
Engineering News-Record, Vol 118, March 4, 1037, p. 322 
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of 


‘high velocities in the flume, ‘Such 
ghanges occur also in the Mississippi. In this case they are probably 


to bed-load movement, as Mr. Eliassen” suggested, as” waves reaching more 


than 30 ft in height have been observed in the ‘Mississippi River which, 


compared with the ‘Colorado Yellow Rivers carries ‘a very small 


= 


centration of suspended material. For 1 reasons previously stated, however, 
=e the writer does not believe that such waves form in rivers carrying heavy an 
Lindley objects to the writer’s statement that he did “not mention 


the quantity of silt as a factor i in stable channel shape, explaining that the . 


of the quantity y of s ilt wa was so well known in India to no va 
mention. There’ is no doubt that, in the literature from India, accessible fa 

to the writer when his | paper was written, “occasional | mention was made 


of the fact that. the quantity” y of silt was a factor, but in no place had he be 


found d any one who it the important place to which he believed it ‘no 
was entitled. The writer’s emphasis of this phase was largely due to gr 
a? foot thet the e Lacey relations, which were gaining wide acceptance ir in India, M 
made no ‘mention 1 of the effect of the concentration of the silt load as a we 
"factor. Since preparing his ; paper the: writer secured a copy of the ha 
Punjab Irrigation Technical Review of 1925, an finds there a statement 
by Mr. Lindley (as well as others by Messrs. W. G. Quinton, A. i 
factors in determining the channel shape. Except: this publication 
relatively inaccessible to American engineers) in no recent ‘en 

rom India’ or elsewhere at the time this “paper was written 

had the writer found the effect of silt concentration mentioned as” an of 
Ss 
Griffith states it was well known that channels carrying heavy; 
oads adopt broad shallow cross- sections. this ‘distance from ‘India, oot 


“possible for an American engineer to learn what was known ‘there 
their written literature. ‘From a very thorough study of 
extensive literature from India and other countries the writer found, as “a 


as November, 1935, “not a single mention of this “phenomenon, and has 
found ‘since only casual mention of it by Messrs. We. Woods and WwW. G. 


Quinton in the ‘relatively inaccessible publication previously y mentioned. 
no apology for discussing seems t to “4 


Mr. Lindley that the writer s the fact 


that | a given volume flowing water carrying: a given prope ti * 


given “quality of silt tends to form a channel of which the depth, width, 


and gradient is all fixed by the said discharge and ‘silt load, The writer’s 


discussion suggested that a given discharge with a given 


| 
| changes of roughness of the Yellow River channel mentioned by h 
— 
— 
— 
re 
— 
th 
— 
wi 
i 
— 
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ite cross- channel The gradient 


would follow of flow in channels and, 
therefore, could: not be considered an independent v variable. Fixing the shape 
‘the cross- section -for given discharge, therefore, fixes” the gradient 
hich would be stable, and it is n discuss it 
ra Not much benefit will result from arguments over the r 


the m mean and the hydraulic: radius as the hydraulic property, 


basis” “mean n depth and. it. reasonably well, an 

exponential relation to the critical velocity. . Mr Lacey uses the same data ne Be: 

and finds an equally good agreement using the hydraulic radius. 

this. important evidence of the correctness of their formulas. 

The facts probably that, within the Tange of .channel conditions 

: ordinarily, encountered, the ratio of the mean depth to the hydraulic radius 


varies little that the discrepancy is much than that due to other 

‘The writer was seeking to obtain the form of cross- -section which would 
be sti stable for the various conditions of discharge and silt characteristics, 

“not n necessarily the depth-width relation which. would the channel its 
greatest silt-carrying capacity for a given discharge and surface slope, as 

‘Mr. Griffith concluded. His determination of the depth of channel that fe 
would giv ‘the greatest silt- carrying capacity for a. .given condition 
have value, but ‘it seems to rest entirely upon his assertion that the 

capacity 1 maximum when the ratio, reaches its highest ] 

‘since no proof to ‘support ‘this assertion was 
‘Mr. _ Tchikoff’s proposition of “sediment equivalent” very ingenious 
one which ‘merits thorough experimental investigation and testing by 
comparison with observed data in natural streams. It has” the advantage 

of reducing the very” “complex relation of the quantity and “quality, of th 


‘silt present i ina stream at a given time, to a | single ‘number. — It is unfort 


a 


hee interesting hypotheses ‘suggested by Mr. Tehikoft. The collection 
quantitative | data seems to one of the greatest _needs ain this field 


of science, for 1 until hypotheses can be » adequately checked against observed 
telations it is unsafe to build upon them. 


4 Referring to Mr. criticism of the ‘Position - of the isovels 

the cross- section given in the -paper, the fact ‘that the isovel, 0.80, is 

the sides does not that the ‘isovels of the. lower values were 


ro 
non existent but ;_merely they could not be because of 


are the res different and, “therefore, 
are 1 not perfectly consistent. It is believed, however, that they do in general 


illusti rate the fact that in narrow channels ‘the high - velocities ‘come close 


4 — 
— 
B 
— 
pic — 
— 
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The is to Mr. Tehikof's arguments: regarding the 
ae velocity gradient. jee He states: “The sum of the potential and kinetic 


sits energy is constant for all the points of the stream filament that lie on 1 the a 


‘friction is present, ‘the “water particles near the s sides of 1 “the 
; eh, channel are more retarded | by friction and more of their. energy is converted 
heat, than those near the center. Ona given horizontal ‘plane, there- 
SE oe the sum of the potential and kinetic en energy of the water at the sides 
of channel | may less than near center. This is demonstrated 
A velocity of 
obser 


0.4 below ‘the sul face near the center of the 


ov 


sec was 0 


The - water ‘surface was level, and, hence, the pr pressure at the 


points was the same. The kinetic energy, expressed in velocity head, at 


es 
sides was 104 and ft, lose then center. 


the same (atmospheric), but the sum of the potential and 

— 

: s 5 ft of head greater at the center than near the sides. By observations 

oe a large number of cross- -sections ‘the water surface was shown to he : 


: 
level: across the ‘flume (except at the entrance where contraction effects 


entered), but the water the -eenter obviously moving much more 
_‘Yapidly than near the edges and, therefore, the sum of the potential 


kinetic energies at ‘the center was greater than at the sides. « error 


Mr. statement arises from not considering the friction term in 


Ms Mr Blaney has called attention to the difficulties found in his investi- 

, in analyzing the data, _ because of 
widely different: size ‘silt particles carried. In the writer’s 
made for the Ss. Bureau | of, ‘Reclamation in 1934 a nd 1935, on the silt 
is” believed 
in understanding the transportation of silt 

_ suspension. It has long been known > that, in many rivers (including the — 
/ Colorado) carrying heavy silt charges, there is no close relation ‘between 
the discharge and the total silt load. In these studies analysis was made 
only of the quantity but. of size range of the particles carried 
the Colorado River, by means of bi- weekly ‘samples taken over ‘a period « of 
‘more than a year. It was found ‘that although there was no relation 
“between the quantity. fine silt ‘discharge there a 

definite relation between ‘the load of « coarser particles and the discharge. 


= Some of the results of this study have been published. * The Size range of . 


“Recent on plow Conditions in Steep Chutes,” News- Record, Vol. 
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on river bottom, from bottom are “thrown, 
ttling down again 


When are up than fall ba ck, the is being filled and wh 


‘more picked up the bed is being scoured. With a given 
material on the river bed, the river, will pick up sufficient “material to 

duce a a condition in which the ‘rate of r re-depositing on the “bottom is 


equal to the rate at which the material is picked up from the bottom . The > Wa 


load ‘fine silt which the river is capable of carrying seems usually 


to be much greater than supply is limited the 


of of fine material 


by the ‘stream. ‘stream: the river 
fine material available, but is not able t to obtain fre from this source 


sufficient material to saturate it with the finer particles. ‘Tt i believed 
that many 0 other of. f the phenomena of. the transportation of silt 


pension may be cleared up as a result this discovery, and it 
form the basis” of a quantitative ‘science this field. 


Xj 
The dimensions adopted for the All-American Canal have been ‘requested is 

and are given in Table — 


TABLE 14.—At 


_Discharge, A, | Wetted | = 
in cubic feet width, slopes i perimeter, P, radius, R 4 


R, 


75:1 


iq 
mh 
oS 


YH 


these sections several factors were 
One was the great depth of -eut in which ‘much of. the canal was built, 
_~ which reached a maximum of more than 100 ft and for long stretches wa was “s ee 


more. than Another was the fact that considerable time may elapse 


before th the demand reaches the design capacity. Both these factors justify 


the use of narrower widths and higher velocities than would otherwise be the et a 


a May, 1937 LANE ON STABLE CHANNELS IN ERODIBLE MATERIALS 909 
e the particles the load of which bore a definite relation to the discharge — 
© 9 was the same as the range of sizes found in the bed material. The reason a a 
for this condition _is believed be the fact that river, general, 
3 always carries as great a load as it is able, of the material which is avail- A 
— 
| 
4 
4 
= 
' = 
7 
t 
| 
n be 
: 
— 
Specifications 573 and 621, U, S, Bureau of Reclamation. 
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at the tone good: by 
Imperial canals, in general, flow through a ‘Colorado. River 
f very fine material, whereas the All-American Canal is nearly all located 
on higher land in coarser “mesa material” which seems to be an outwash 


deposit from the surrounding | high land. ty 
In the: acknowledgments a "accompanying -author’s paper he  imad- 


- vertently 0 omitted mention of his indebtedness to Mr. W. M. Griffith , to H. Fr 


Blaney, and F. C. Am. Soc. C. E., and to the Central 
of Irr for valuable data and suggestions, 


— pee 
— 
— 
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_Harowp M. “Ax. (by letter) | able and 
instructive ‘discussions of the subject- matter of this paper ‘ ‘bring” home 


_the considerable thought which is being devoted to the subject by hydro 


- logical engineers. The paper and the discussions do not deal with a matter — 

that has been finished, nor with a mathematical certainty, ‘nor with 

results: of an experiment; rather ‘they deal with what may be the difficul- if 
ties ‘in, and may ‘be the desirability of, ‘administrative control of 


natural resource, the limitation on the which is obscure and is 
with questions economics. Tn discussions 


a The discussions have indicated at least a ps part the errors” of com- 


mission and ‘omission in the original paper. The writer is grateful for 


‘this, and it is hoped all readers will “note. them. Any errors i in 
acreage» irrigated by pumping are not at all 1 material to the purpose of 


paper. These data are from ‘the Federal Census. which “is the only 


‘source available, as was found by the writer after attempting to obtain 
same information. from the various ‘State offices. In the discussions the 


ae. 


Scope of the paper been amplified the “benefit of all. It was) 
hoped that both correction _and amplification would be the outcome. “Con- 


sider,” said Prah-hotep 5000 ago, “How thou mayest opposed 


—The paper by Harold Conkling, M. Am. Soc. Cc. was published in April, 
1986, Proceedings. Discussion on this paper has appeared in’ Proceedings, as follows: anes 
- August, 1936, by Messrs. Joseph Jacobs, and W. D. Faucette and J. KE. Willoughby; Be 
September, 1936, by R. EB. Savage, Assoc. M. Am. Soc. C. E.; December, 1936, by Messrs. _ 
2 Gourley, and O. J. Baldwin; January, 1937, ‘by Messrs. P. Smith, and | 
David G. Thompson; February, 1937, by Wells A. ‘Hutchins, Esq; March, 1937, : 
 Messrs.. John BE. Field, George Knapp, and Chandler Davis; ; and ‘April, (1937, by 
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: CONKLING ON CONTROL OF UNDERGROUND WATER WATER Discussions 

_expert 1 in council. It is foolish | to speak on every kind» of work 


and said Ta i Tung, “ Were I to : await book 


Many Tines of thought have been in discussion which, 


however tempting, would lead to an inordinately long closure, and because 
of this specific mention is made of only a few of the factual causal 


of conditions i in ‘Specific areas. 
he 


‘That of Mr. Gourley t on conditions: the 1 
velopment of modern industry is bringing to the the ‘desirability — 
of the control of underground water use. ‘Baldwin’ has” also’ called 
attention to. industrial developments in { the Mid- “Western United States 
"which show that even -_proble m now exists. The discussion of 
Professor Smith describes in detail “conditions in ‘Arizona and d neighbor-— 


connection a Bulletin by Professor Smith® on ground- 


& 
water law, ‘published in 1937, is well worth | reading. Mr. Thompson ha 
supplemented and amplified ‘the paper by a broad masterly 


latter “discussion appears support writer’ 7 that 


State having the appropriative doctrine use of underground water would 
inhibited by surface rights | below the point: of as Jong 


a8 the surface flow is necessary to fill right w which, 


ie 


the crops thé "area “were preserved the “recent “stressful: ‘years 


because: the law was not. “invoked. This. is ‘cogent commentary o n ithe 
ade 


difficulties that arise i in the complete application of the of “prior 


appropriation when | ground- water is involved. The foregoing "statement, 


however, seems somewhat contradictory to as ‘subsequent statement in 


same discussion to the. ‘effect ‘that the prior appropriator is not rotected in 
his means of diversion and may be forced to p pump. Mr. Fields» 


did not have in mind ‘pumping under-flov flow as an alternative — 


who have discussed the p paper unite as to the need ‘of 
control. the writer this: seems clear also, but he is not so definite 


eee in his belief that actual control is needed at an early stage on 
1 yh -ground- water basin i in ‘its: original ‘state contains large deposits 
gine 


of water which, “tm most. eases, can be withdrawn without ; great “harm 


= bats 48 “Ground Water Law in Arizona and Neighboring States”, by ‘G. E. P. Smith, M. A 
C. E., Bulletin No. 65, Coll. of Agriculture, Tucson, Ariz. 
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a 
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conditions in Colora 0, DJ 
— 
x 
— 
— cent years of 
— — the South Platte River in the re 
has been instituted a “the live and let live a 
n tors who have been adversely affe 
_of canal administra 
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= 
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CONTROL 


‘more expensive secure. this ‘respect, is not different 


from an ore body or an oil” field. If these water are not 
exploited, potential wealth of the ¢ country is not developed; and = 


if they are exploited, it means that some of those using the water during fe a 


“period of, exploitation mus must cease using” g it it some future period. 


In other words, these users: have > only a temporary right; but it ‘Seems 
to violate a traditional ‘eoncept to speak of a temporary right in water. 


How valuable 1 this exploitation may be in some eases witnessed by 


California mining | of water as a and mining of oil 

bee supplement—in the fields side by side with the water basin 

wealth has been produced which has enabled or is | enabling the communities 

to construct: huge aqueducts to import water n sources hundreds 
niles: distant to Teplace the mined bring in supplies 


An uncontrolled development 1 may bring about best 


or it may not; but whatever the result the means ‘of its achievement are_ 
el 


cos tly. _ Administrative control its best would bring “about the best 


result: in the least costly _manner, but it cannot depart widely 


the natural trend of events. if a temporary over- -development which mined 
the impounded water supplies « of the past, ages seemed best for the road 


temporary 


"and final of “draft to "recharge, “with resulting 


part of ‘the development. The difference in such case 


would that temporary ‘Tights: would be designated in the case of 


‘control, whereas, with lack of ‘control, such rights would be those of 


‘marginal u users instead of the last users, 

_ The point is s that the né need for flexibility in administration is Paramount. 
The principle | of prior appropriation, if a actually administered | 


to the doctrine, can be very inflexible. The doctrine of correlative. right 


be very flexible. Either doctrine may lead to beneficial results: or 
either may lead” to harmful results. possibilities, 

writer confesses to a distinct distaste for ‘freezing” ‘any situation within 

] the narrow w confines of administrative action and control: unless the 
administrator can be given the right to accept t oF to reject he areas 


“placed within his” ‘control, either his” initiative by action 
the 


ngs out n cessity, felt by the 


Courts to define classes underground water so that each 


1 
4 
4 — 
ps 

an 
a 

— 

would exist. The same results would or 

— 

— 

= 

— 
— 
— 

a new precedent can be set. Ev 
by hydrologist, the srtificislity of — 


 CONKLING ON CONTROL OF UNDERGROUND WATER Dizcussions 


‘definitions a can be “appreciated only 
detail. Recently, the writer” was faced with the necessity of “deciding, 


for purposes determining "jurisdiction, whether a certain body of 


hydrologist could bring to bear o on the matter which led to the con- 


| underground ‘stream, vice versa; but the first- mentioned reason 


axiom ‘that “all water beneath ‘the ‘ground is simply 


-water.” difficulty is that the definitions and the need 

definitions been to lack of knowledge, 1 with little “appreciation. 
: of the broader } phases of the matter. tee 
summarize: The ‘numerous and discussions have done much 


to clarify the subject. It is felt “that control is desirable, ‘that it it 


results of step can ‘be considered before going further. The attempts 


“control the various us jurisdictions and in been 


‘lined. Of course, they first steps, but can scarcely concluded 


after reading these “discussions that a uniform law is desirable. Contrast. 


California as typified by | San Gabriel Valley; or contrast with these, condi- 


basic ideal would necessarily be be the same no matter how diverse t the form | 
of the law; and by it questions” of draft which ‘would cause final retro- 
gression would be encompassed v whether the -retrogression were caused by 


marine or ‘other saline intrusion, by “too great. concentration of chemicals, 


simply by drawing water from the basin than the recharge 


s feel th: at control is desirable they must the 


kind of contol, ‘This: matter has become, i areas (and will 

in oth hers), a matter which ranks with other phases ‘of life which have 


been given into the _ control of commissioners with | judicial or quasi 


judicial ‘power. ‘the development of underground water brings 
since the two are physically interdependent. i 


is Suggested that such : 


“for investigational research, can most intelligently cope with the | present 


roblem, subject of iew by the Court. 


“definite underground stream,” or otherwise. Any reasoning 


that this body of is an underground stream, would also 


can be accomplished best through | a_ step- -by- “step process whereby 


ee a situation about as to its control, it will naturally extend to surface water — 
ah 


body, combining its personnel, both scientific knowledge and 
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BACK-V -WATER AND DROP-DOWN- CURVES F 
UNI IFORM CHANNELS 


Cares Srety," Esq. (by “—The method for” determining 
ack-water and drop- down “curves” in uniform channels, described by the 
author, lends itself to ‘relatively simple routine for computing these 
problems. . The errors ‘introduced by the approximation that the area and — 
the wetted perimeter are monomial functions of the depth | are of small 


order and should be well below the range error incident to 
selection of a friction factor 


~ 


> 


Values of 


bi 


ZZ 
22 24 26 28 30 32 34 363860 70° 90 6100 120 180 2 
‘Fig. 22 OF WETTED PERIMETER AND TO 


Nors paper Mononobe, Am. Cc. E., was in 

_ 1936, Proceedings. Discussion on this paper has appeared in Proceedings, as follows: 

_ November, 1936, by J. C. Stevens, M. Am. Soc. C. E.; February, 1937, by Messrs. Chesley 1k 

Re | - Posey, and A. A. Kalinske ; and March, sees, by Boris A. Bakhmeteff, M. Am. Soc . C2 eas 
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imeter, | | Aree, Aaky | — 


Professor Mononobe (see text following Equation (32)), 
in which the depth in a circular conduit, 18 ft in diameter, ranged from — 


to 75% of diameter. ‘The heavy dashed lines in Fig 22 


It is to be that the range in of a water, curve cannot 


extend across the critical depth. practical problems, even in channels 


not well adapted to approximation over their entire range, 


range will usually be such that the assumption of variation 3 


will “agree closely with the actual variation. of the | elements’ 


Removed from its seemingly complex ex mathematical ‘treatment, the 
‘gelatively easy computing ‘procedure. Having expressed the | area and the 
Wetted perimeter as approximate exponential functions of depth, Profes- 
Mononobe converts” the Bernoulli’ s theorem for 
orm in _which all hydraulic 
iS, “integrates: 
; h ‘similar f rmula, Equation (20), 
r -eurve unit orm ch annel. or 
Equations (18) a and (20) solved readily” by means of the curves” 


Figs. 6, 7, and 8. for 1 charts 


in Thich s is the of the approximate 


and m is the 


) and (20), and it is found 


which V, and the velocity a nd depth, respectively, w which 


would prevail if, for "discharge under consideration, the surface slope 


An easy method of determining the exponents, s is t compute 
them by means of the logarithmic differences of the values" at the end 


points of the range. Thus, in determining the area exponent 
= log « 8 log De. bh 


— 
i 
— 
A. 
Or 
= th 
ag 
li 
al 
— 
— 
exponent of # in the friction 
= 
= 
— 
Correction for Transaction: In Equation (18), = 


ak 


dog AL = +4 


For the circular cond duit in the text following (32): 


A, = 204.7; >A, = 64.2; = 18. 5; and D, = 5. 4, Reading the logarithms 


on an ordinary slide- rule: = 2.311 — 1.807 = 1.267. Similarly, 


the wetted perimeter, this type of f calculation » results i in: b= 

It is seen that the exponents thus obtained agree closely “with those 
derived by the graphical method. In the graphical method, the eye 

guided in large measure by the location of the end ‘points, 

The author’ s method, wherein he assumes that of the 


slopes at the ends of the range is equivalent to the slope of the straight = on 
line best. ‘approximating the curve, i is open to criticism inasmuch | as it 
undue weight to an extreme slope at end of the range. 
The logarithmic method is simpler than method given in the ‘paper 


(496) 
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the intent of the writer t 
vibratory” amplitudes of “single: build “up to critical “values 
quite | rapidly. ‘Experimental evidence offered i in Support of 
‘mathematical theory. . The was simplified and applied to 
elevated water tank, This was not done with the idea that all future 
elevated tanks or -mass "structures should be designed only 
7 ecordance ith. the: simplified equation "presented by the It 
was offered rather as another approach by which an “engineer: might 


scussions were presented by Messrs. Ruge, Engle, White, and J acob- 
Professor Ruge further substantiated _ the writer’ s contentions. His_ 
nents on the writer’s eonclusion regarding the desirability of design- 

ing structure with period different from that of an expected 
ae quake | are W well taken. ‘The writer’s origi inal statement was made with the 


Sere. _ hope that in} the distant future the type | of local ground motions “might be 
reasonably, predictable. — Only | a study of the records of many future ae 


quakes will answer this | question. Meanwhile, it is s doubtful \ whether | an 
elevated -_water-tank structure can be designed along conventional lines 
and not be in ‘resonance with any dangerous | ground motions. ‘Designing 
the structure 80 that the elastic constant varies with the amplitude m might 
a solution to the problem. Certainly the “method of adding n more steel 


to stiffen the ‘Wrectate is open. to the criticism offered by Professor Ruge. | 


Mr Engle so- called “static” of view and in 


a number of questions with which - the writer finds himself 


Fe 


me, _ Nore.—The paper by Harry A. “Williame, Assoc. M. Am. Soc. C. E., was published in 
cee May, 1936, Proceedings. Discussion on this paper has appeared in Proceedings, as follows: 
September, 1936, by Messrs. | Arthur Cc. Ruge, and H. M. Engle; February, 1937, b 
Merit P. White, Am. Soc. C. EB.’ ; and march, 1937, L. Jacobsen, Esq. 
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in A few of the 


“There has been a “tendency on the “part of those in 


shaking- table "experiments and so-called “dynamic design’ to consider the 
Dehavior of these structures [elevated water tanks] as "somewhat of a 
mystery, requiring complicated model study: and the retical experimenta-_ 


tion.” > Knowing» that the: behavior of a vibrating ‘structure cannot be 


explained by the : static method, those interested in ‘the dyn namic 
inclined to approach problem with some humility and study 


the reactions of a structure to simplified motions rather than attempt 
explain its actual behavior during an earthquake by reasoning a priori from — re 
pied 


theories having very little, if anything, to do with: the problem. Mr. 
i Engle states, furthermore, that “there is no particular n mystery involve ed” in 
the behavior of these structures, and that “a reasonable explanation of the 


‘damage can be made.” Yet he asserts in a later ‘paragraph that the probe 


To quote further: present there is no ‘definite proof that ‘the 


‘static od « of analysis involves any “more a assumptions or uncertainties 


‘than the so- -called dynamic method. ” Obviously, necessary to make 


assumptions applying the dynamic method to practical problems. 
writer made a number of these assumptions in his” paper when he -investi- 


34 “gated the behavior of the elevated water tank. He also showed how there 
could be considerable variation of the assumed conditions and 


yet results would remain fairly indicative of the probable ‘behavior 


of the structure during a short interval of an earthquake ; and he warned 
the reader against drawing quantitative conclusions from ‘investi- 
gation. In the static method, a fictitious force is applied to the center o 

gravity ‘of the structure, this force bein g made equal to the mass s of the 
structure times an arbitrarily assumed acceleration. Only by sheer coin- 


e is “merely ‘formula to. problem. The 
writes, of course, not advocating that the wind- force method be -substi- 
uted for the static method. The latter is a least: a step in the 
direction, and it is making | designers ‘ ‘mass conscious.” 
static analysis of damaged towers that they "should Ag 
ave failed where failure’ occurred.” No doubt this was | tru yet it does a 
‘not the static this only the weak 


t may casily wreck the new 


engineer has always b been trained to to design for st 


of th weakness part cula 
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expected. It would be just as logical a procedure to design the tank struc- 
=] 
- 
j 
= 
; 
which is identical except that the weaker poin 
earthquake of no greater intensity 
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Ms (ON EARTH SHOCK DISTORTIONS IN Discussions 


strengthened in the ‘new structure. mechanical 
engineer in the ‘same _way was _ confronted the 


that i it 


avoid. | resonance and large vibrations operating is true that 


in some cases” an equally acceptable result could have been attained by 
using a heavier shaft, but this would have required very 
and, "consequently, would “have materially increased 1 the cost of 
the the same manner, certain structures can be made quite 


safe if "they are stiffened sufficiently, bu _is economical and practi 


to make flexible than. 


During the Long Beach earthquake, top panel rods in 
tank ‘structures badly stretched entirely broken. The writer 

suggested that “many ¥ these failures occurred soon after the 
beginning: the major shock, because of of a near-r Tesonance condition. 
Mr. Engle strongly disagreed this” contention, , mainly because e such 
was ‘not consistent with the failure of steel tension _members” 
since “ stretching takes place first and it takes an appreciable time to 
the rods apart. The elementary theory of dynamics” and strength 
of materials should make it apparent that t the dynamic forces take time 
the rods of such structure. length of time 
the velocity of the mass center of the structure the instant the 
elastic limit is reached i in the top panel rods. As soon as this — 
deflection is reached the tower becomes a ‘structure with radically different 
dynamic and elastic properties. — It may not return to its original position — 
or several seconds. It seems to verge on the miraculous | that “the ‘cossa- 
tion of the: shock many towers [with badly “stretched 
or broken rods] collapse’ "—not mention the chimney of 


Plant with broken. diagonals its ‘supporting steel. 


Me jected a motion which or broke its ‘top panel and 
stopped just in time to prevent collapse. In evaluating the effect of slack 
rods picking up their loads with a “jerk, ‘should be remembered that a 
flexible tower may not necessarily have very high velocities engendered | 
the ground motion. Moreover, the nature of the is in 
are a number of other ‘points p Mr. that could 
be discussed. is agreed that the behavior of elevated tanks in recent 
earthquakes has been surprisingly good. Only further study and earthquake 
experience, combined with | a rational — view, will divulge 
2 
writer “not believe that the resonance or near 
‘resonance have been exaggerated. Chaotic motion alleviate some of 


evidence is s reasonably conclusive ‘that large 
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that the ground» does follow a more regular motion or a ‘few 
3 ‘eycles at time. Shaking- table experiments ‘made Leland Stanford 
University and at the Massachusetts Institute of Technology leave little 
doubt but that vessel and a part of the liquid id contains act asa 
 gingle-mass system for a few cycles. Wave action, although having some 
“cushioning effect” at once, is most noticeable later. Mr. Engle’s remarks 
"concerning resonance apply if one is thinking of the general be behavior 
the elevated- tank structure throughout major part of a shock. 


— White’s emphasis and elaboration of of certain points of the paper 


interesting. It is “important to n¢ note, he indicates, that the region 

4 of dangerous frequencies is somewhat wider in the case of suddenly applied __ 
= 

> 


“motion. This point further emphasizes the difficulty of a avoiding near 


by making only nominal changes in a single-mass system sub- bd 


The writer is very much “indebted Professor J acobsen, not ‘only for 
his “comments on ‘paper, but alse for the addition of a ve very 


‘desirable discussion ‘pertaining to buildings. last line of Table 


involved for ‘the “yelow resonance” A condition are of a 

they occur very shortly after the beginning of t the ground motion. In com- 


paring the “below resonance” and “near resonance” results, the CBee may 
be interested i in the data as it is arranged: in Table 3 for the tests involv-— 


TABLE 3.—Data OptaIneD FROM Fics. 2 3 


ia 


4 (2) Ratio of model period to ground period 1.06. | 


(6) Relative values of elastic constants .................. 


Number of of ground motion when the dynamic| _ C 
force occurs. i , 9 | 2.4 


Tt 


le Ratio of dynamic force to a constant fictitious force| — 
based on maximum harmonic acceleration of theground,|; 
0. 085 g times mass of the mands 


will | be noted that force ‘equals 88%, of ‘the weight 
model a vat the end of 1.8 ground- motion -eycles in the case of “below reso- 


nance” whereas: it reaches 27% approximately the same for the 
“near resonance” model. the ‘models represented two conventionally 
designed structures, be a question, ‘depending on the: design, 


: 
a 
ae 
— 
— 
] 
|. (0 i a 
45 13.2 |4.7 | 2.3. 
ing the leas 
— 
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which structure was being» subjected to “unit 
The rigidity one structure may be double that of another 4 
whereas its “critical strength is only slightly greater. yi? In other cases, the 
more rigid structure may be very ‘much ‘stronger. 
The | results of experiments with a -story ‘building model, which 
J acobsen presented asa part of his discussion, further emphasize 
ves the effects of resonance, these e effects becoming quite important in one or 
Le It is agreed, as Mr. Engle stated, that “actual disaster experience where 
properly interpreted is a fairly good foundation for basing» future practice.” 
proper interpretation of the ‘results of “Nature’s shaking-table experi- 
” is of the utmost importance. 3 Although it is entirely possible that 
at some | future time those interested in tl the dynamic approach will conclude 


that there are too many variables in most Practical problems to “justify 
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sions have revealed many interesting 
presented and checked, other 
and several ‘ “short- cut” procedures have been proposed. 


Mensch has presented an instructive application of _the 


atter. ‘Table 1, which | gives a comparison of i values obtained by the gen- 
method from. portal’ method, is help- 


"baiting: ‘Special Approximations” 
. _Eremin has § 


TE 


method. However, it is well known that this method is often serious 


contraflexure i in “menibers at their lengths; that is, the 


This fact. is “clearly illustrated by Mr. Mensch in Table 1. -Equa- 
(122), 


“ which ‘is given without proof, is readily derived from statics, 


assumption is  satintactory, in some cases, it may he shown that in trusses 

ith large differences in the ‘moments: of inertia of the chords, the error 


will | be considerable. The approximate formulas, Equation (123) and 


4 


_ Nore.—The paper by Dana Young, Assoc. M. Am. Soc. C. E., was published in 
e August, 1936, Proceedings. Discussion on this paper has Geieciea in Proceedings, as 
follows: November, 1936, by Messrs. L. J. Mensch, A. A. BHremin, Leon Blog, A. Ww. 
Fischer, and L. C. Maugh: January, x07, by John E. Goldberg, Jun. Am. Soc. C. E. 

1937, by Messrs. Louis Baes, E. C. Ingalls and Ralph B. Peck, Harold 

- Wessman, and A. Floris ; and March, 1937, by Messrs. Kimball R. Garland, and J. D. Gedo. - 

Asst. Prof. of Eng., Connecticut State Coll. Storrs, Conn. 


#@ Received by the Secretary April 13, 1937. ont sty dod 
%b Hquation (120). in error, since it follows from 19 and simple 
tatics that qo = Po. i 


this: 
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, Mt Mensch has also given a “short-cut” method of applying the general © a y 
7 equations to a specific problem. This is a good illustration of the simplit es ere 
a , as was noted in the paper und ae 
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‘Equation (124), especially Equation (128), which Mr proposes— 
a re too inaccurate for general use. Although they give good results in the 
particular example given, _ they cannot always be “relied upon to do | so. 


r. Blog has “presented of Professor Vierendeel’s method 


£ Janalyais. and claims th that this method is simpler ond more accurate than 
in the paper. It is Equations (127) through (130), 


are simpler than those in the paper, but that is because the 


former group is based ‘upon several assumptions, Because of these assump- 
tions, it is not true that the Vierendeel equations are as accurate 


a a careful check of “derivation® show y that is 
the assumption ‘Cai vertical deflection | 


points on the and This chords « a truss are equal ‘throughout the 


equal, an example has” been very conveniently solved by Messrs. 
Ingalls and Peck in their discussion. _ An inspection of their results, which 


i 
are given Table 2, _ shows this immediately. _ Another assumption 
which Professor ‘Vierendeel makes, as stated by Mr. Blog, is that the “upper 


chord has" a finite area an infinitely small moment of inertia. As a 
result ‘Equations to (130), ineinsive, involve these assumptions and, 


therefore, must he weed with caution. 


Messrs. ‘Fischer, Goldberg, and Ingalls and Peck 


to the paper by developing other examples and some by othe 


Several of ‘the discussions have “indicated other methods” of ar 
Maugh described an interesting using "deformation 
tions auxiliary force systems, which be solved either directly 


or “by successive ‘approximations. discussion contains a numerical 
computation which purports t to show that an error eat _ 3% in oad and of 


xample in momenta of ‘inertia of not 


me 


the ‘elation ‘that exists ‘between. 12 which is given 


‘ions (77), and (79). From. these equations, it is seen that, for the 
sumed by Mr. Maugh (that is, Mio = 2 the error in 
be in the | ‘same “direction as that in and, hence the error in M's 


will be much smaller calculation. Professor Baes has: 


be very” promising since experience in 


that the position of the point of contraflexure in the vertical members varies — 


de Sti bilite des Arthur Vierendedl, Tome IV, ‘Louvain, 1920. 
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slightly for considerable differences in the moments inertia, ‘a ‘the 
truss: members. Professor Baes objects” to the statement that the funda- 
mental equations are based upon the principle ot virtual work, Unfortu-- 
nately, it is: true that the names of the various principles “structural 
4 mechanics are not. standardized “throughout the world. If this were done, 


‘the mass of 


current engineering literature would he considerably easier 
to follow. this particular case, it is believed that the designation 3 
used is consistent with general practice in the United States. 
Messrs. ‘Wessman and Garland have applied ‘the moment distribution 
method to the examples given. these discussers have shown, although 
there are certain "troublesome - details in applying this method to a truss 
with: “inclined | chords, the method is ‘perfectly possible. I In this -connec-. 


tion, to be n noted that the general equations given in _the © paper 


will ‘found “to converge “very” Professor Wessman- hhas raised CH 
the question | as to whether the analysis of the Vierendeel truss is 
so sensitive to changes in sections o: of members, that it is ‘impossible to 


a final design” in one or two trials, “Although 


= a possibility, it has s been 1 the writer’s: experience that no difficulty: 
‘occurs in ‘this direction in actual cases, The writer agrees with 
nd 


endeel truss is 
ho. with diagonals. Although it is outside the scope « of the “paper to 
enter an extended argument as to the utility of this type of construc- oe 
tion, it may ‘be stated that ‘the most usual. form of ‘Vierendeel truss for 
bridges is the bowstring _ type, which very similar a bowstring or 
tied arch, and possesses the advantages | of this form of structure. In such — 

eases, as mentioned by Mr. Maugh, the -Vierendeel truss “arrangement. 
often simpler ‘design, particularly with welded 
concrete construction. P 
of. fe “stresses Vierendeel, 
“appropriate “to compare the a tied arch 
order ‘understand best the possibilities of this” form construction. 
Mr. Gade. ‘provides | a ‘refreshing co contrast to some of the other | discus 


“that he advocates the direct ‘solution. the general 
“q Inv closing, the writer” wishes to express his all th : 
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ERICAN SOCIETY 
Founded November : 


SOLVED ‘BY FTERATION 


Essrs. A. Boris, AND 
A 
AF "LORIS,” Esq. (by letter). This paper will undoubtedly 


bring: to the attention of engineers in practice the great importance of itera- 


solving simultaneous ‘equations of statis be applied equally well 


ther problems than those treated by the author. i 


use of converging approximations for determining values of the 
end moments of beams and columns in the moment distribution method is, s 
"in reality, an iteration process. _ Furthermore, treatment, by this method, 
of problems i involving side- simultaneous equations the number of 

e equations also” be solved 

a eetons of five an gles. In these e equations the unknown angles are deter- 
mined by iteration. ‘The writer's practice” in using the moment distribution 
‘method in. case ‘of side- sway ‘is, first, to determine the coefficients of i 

tionality the ‘equilibrium equations by iteration. values" of the 

‘moments are” then found by multiplying the distributed moments by these 
coefficients. In every case of lateral forces or unsymmetrical loads: there are 

“obtained simultaneous equations in which the coefficients of the diagonal 
‘falling from left to right are considerably greater than the remaining coefii- 


In this case, apr approach | the ‘values 
repeate 


cited by the author, and Helmut Wittmeyer™ 


Norp.—The paper by W. L. Schwalbe, Esq., was published in August, 1936, Proosedings. 
Discussion on this paper has appeared in Proceedings, as follows: November, 1936 
Messrs. Garrett B. Drummond, and A. W. Fischer; December, 1936, by M. B. Gamet, gun. 
; and January, 1937, by Messrs. Marvin A. Gray, and John BR. Goldberg. — a 4 
™%Dipl.-Ing., Los Angeles, Calif. ate 
Received by the Secretary January 6, 1937. : ‘ 
“Analysis by Moment Distribution Through Use of Iter tion”, 
ngineering News-Record, June 25, 1936, p. 922. 7 
Numerals in parentheses refer to Appendix I of ‘the pe paper. 
“Ueber die Lisung von linearen Gleichungs-systemen durch Iteration”, von Helmut 


(2)**, and Geiringer (4) work has | = 


— | 
— 
— 
— OUATIONS INL ANICS 
h 
pr 
— 
— 
— 
— 
tic 
1 
— 
— in 
i 
— 
— 
| 
— 
sel 
72. 
— 
— 
— 
— 
— 
— = 
an 
tio 
— ori 
— 
— 
— 
— 
im 
— 
4 


Lal 


has been outlined by Mr. iteration in the paper 
is more useful for those special systems that can be expressed by means 


single equations, the ‘single equation stating precisely ‘the iteration 

procedure must be for the solution of the equations. 

example ; given by Mr. F ischer is a useful one for making a “direct 


comparison of values computed by his exact ; method, by the procedure in 
paper, and by the moment- distribution ‘method according to Messrs. 


The development: of deflection” nethods United States 


proceeded essentially as pointed out Messrs. Gamet Goldberg. 


additional reference may ‘be cited, ‘namely, the work of F. E. Richart, 


In Germany, formulas of the type of Equations (22) and (28), Appendix 


were used by F, Lippich,” in the derivation of the three- moment equa-— 


tion. His equations» ‘included terms to settlement of supports. 
‘Grashof? used formulas o of the type of Equations (24) and (25) in deriving 


the three-moment equation for level supports. In his equations” the load 


factor was not expres ed in te of ‘fi ed-end ‘mo ent 


writer ‘would extend Mr. Gray’ 8 suggestion 
inelude ‘only “slope deflection,” but all the theories of statically 
terminate analysis, with glossary of symbols terminology 


bibliography. In this connection the brief review and history, by H. 
Westergaard, M. An. Soe. C. of the four general theories would serve 


The purpose of the paper (as in the ““Synopsis”) was not to pre- 
i sent a new theory of statically indeterminate beams and frames, but to es 
demonstrate the method of “iteration in the solution | of certain types” of 


sets of simultaneous equations” which oceur in the application of theories 


already» in existence. Consequently, the list of references is ‘who’s 


it seemed desirable to extend the ‘terminology which was 
“the introduction of the now established term, “three moment,” | to 


By 


ioawe equations of a similar character; hence, the use of the terms, 


angle” and “five an ngle” To equations of this type “slope 
tion” equations, i a misnomer since | “slope deflection” are 


of the type of “Equations (22) _ and. (23). The ‘latter are only 


ee Asst. Prof. of Theoretical and Applied Mechanics, Univ. of Illinois, Urbana, Ill 
37a Received by the Secretary April 12,1937. 


Transactions, Am. Soc. C. B., Vol. 96 (1982), pp. 108-110. jane 


Indeterminate Stresses in Stiff Framed Structures,” F. ‘Richar 
4 presented to the Univ. of Illinois, 1915, in partial fulfillment of the requirements for the _ 
of Master of Science in Civil Engineering. 
2” “Theorie des Kontinuirlichen Trigers Konstanter Querschnitte, Allgemeine Bau 
geitung, Vol. 86 (1871), p. 104% 
Zeitschrift, Vereines Deutscher ‘Ingenieure, Vol. 3 (1859), p. 155. 


“One Hundred Fifty Years Advance in Structural | Frensectione, Am, Soc 


fn os ‘oom in parenthesis refer to Appendix I of the paper, in 1 August, 1936, Proceed F 


| May, 1987 scHWALBE ON SOLUTION OF SIMULTANEOUS EQUATIONS BY ITERATION 927 =e at. 

L. Scuwape,.” Ese. (by letter).“*—The procedure for solving 
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; or continuity and are also 
the final r relationships, = 


The rapidly growing. Titerature field of st 


of such esoteric necessary for the growth of but, 


for a beginner the learning of fundamental principles any | later 


‘The importance of iteration mm in ani analysis” has been emphasized by 
Floris. This procedure is especially useful when the statically indeterminate 


“i unknowns are selected in such a way that the set of simultaneous equations 
can be represented by single equation i in the form of a difference equa- 
P Py, tion or ‘recursion formula. Any unknown is thus expressed in terms 0 of its 
‘neighbors. Vith known boundary y conditions and convergence, the 
unknowns can ‘then ‘be computed by starting with set of arbitrary 

: values for the ‘unknowns and correcting each value step by step by means 

of the recursion formula until all the values. become fixed. 
the theory of elasticity, ‘differential equation can 1 always be 
eed by a difference equation ‘which represents a set algebraic 

equations. "According to R. Carmichael™: differential 


with without boundary ¢ 


onditions, may "realized in an an infinite 


is is always: room for choiee i in | setting up the system, and in fact need for ‘ 


it shall be done in | a convenient way. ” The idea thus expressed 


ay well serve as guide for approximation methods many problems 
for which integral ‘solutions are impossible. The algebraic equations may 
e regarded defining a statically indeterminate net or framework, the 


difference equation serving as a bridge from one field to the other. ‘3 arg Se 


Iteration as a method for the determination of roots of ‘algebraic 
equations had i its "beginnings 1674. The earliest applications to the 


solution of problems in elasticity were probably those of Runge™ * and 
L. F. Richardson,* > Since then the use of the method has been considerable. 


“Algebraic Guides to Transcendental Problems, ‘Bulletin, Am. Math. Soc., 

%“The Calculus of Observations, ” by Whittaker and Robinson, 1924. 

aan % “Deber eine Methode die partielle Differentialgleichung, AU : ar 

zu integrieren,” Zeitschrift fiir Math. u. Physik, Vol. 56 (1908), p. 225. iL< ie 
Approximate Arithmetical Solutions by Finite Differences of Physical Problems 
Involving Differential with an to Stresses in a Masonry Dam,” 
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BALANCING ANGLE ECHANGES 


"balancing angle changes has been presented as an additional tool to be 
by the engineer wherever it may be found superior to other methods 


‘ or an aid in checking a special problem. The relative merits: of balancing os 
angle changes “compared with oth 1er methods will depend upon the 
problem considered and the preference ‘of the engineer who is making us 


of ‘the method, which, again, will: depend upon hi familiarity with the 


The writers have of balancing changes” to solve 


variety, of problems. most of which have been checked by the method of 
balancing moments, or by the column analogy, in order to prove the self- 


| checking features of the ‘method. No difficulty been experienced 


obtaining results to any desired degree of accuracy, and no problem has . 
a encountered to which this method — not be adopted. The types” of 


Ls 


\ 
3 
y 


= Because the briefness of ‘the. treatment of side- 


it was thought illustration of two special joint 


‘The first example chosen to illustrate the e method of handling side- swa: 
ihe slant- leg bent with a in applied horizontal load. The analysis by 


_ Notrge.—The paper by L. E. Grinter, Assoc. M. Am. Soc. C. B., was published in Sep- a 
tember, 1936, Proceedings. Discussion on this paper has been published in Proceedings, as ae 
follows : December, 1936, by Messrs. John B. Goldberg, G. A. Maney, Paul Andersen, and — 
William F. Luce; January, 1937, by Ralph E. Byrne, Jr., Jun. Am. Soe C. B.; March, 1937, 

_ by Messrs. L. J. ‘Mensch, Marvin A. Gray, and A; Floris; and April, 1937, by Messrs. Fred — 


32 Teaching Assts., Dept. of Civ. _ Eng., Agri. d Mech. Coll. of Texas, 
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the one shown the dotted lines has been assumed. has 
been omitted “throughout, since it. will ‘cancel as may be shown by setting 
up the e equations for the angle. changes” and the shears. ) The angle changes 


7 
f 


nD 


"procedure outlined by Professor Grinter (under the heading, “Procedure of 
Balancing Angle -Changes’’). _ All joint rotations due to this balance are 


in rectangles near the joints. After the balancing of angles was 
completed, the horizontal shear in the vertical leg and the horizontal 


ponents of the shes shear and» the direct stress in the slant leg were. computed. 
‘The sum these horizontal forces was found 379 lb. The correction 

or 65.9. The true joint rotations in the structure aul 


to the horizontal loading were then found by multiplying the enclosed joint 
‘Totations by this ratio. The true p- -values were found, ‘similarly. bent 
analysis illustrates the method of using a correction factor, as explained by 


The second example (Fig. 22) is an a analysis of the frame presented by 
author in ‘Fig. 2, with the exception that ‘the fixed | support, F, has "been 


replaced | by a nest of rollers. A and C “were to lie in 


illustrates method | _side- 


ee 
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1987 LIVESAY AND SIMPSON oN BALANCING ANGLE ‘CHANGES 


side-sway because of the fixed support at F and thus x no correction | for | side- e 


big 


443° 


+343" 


| 


‘When J Joint F i in Fig. 2 ‘was replaced | a rollers, the unbalanced 
restraint “was found be Ib. . This r raint prevented ‘side-sway 
which | would ha have ‘Toint toward Joint F. 
-unresisted side-s “sway then imposed upon the pin- connected 
frame, as indicated by the dotted liz nes in Fig. 22. A rotation of - — 100 - a 
assumed in the member, DE. The geometrical deformation of the frame 
determined the ‘rotations of the other members. The member r rotations | used 
in balancing angles 3 were Pas = 111, Pav = = 48, Pop = and pos = - 
All joint rotations due to this balance are enclosed in rectangles near the 
joints. unbalanced horizontal force in the structure found 
Ib. _ The of has been neglected. 
e assumed sway were 


‘multiplied values were then added 


joint tations indicated. in Fig. 2 (multiplying ‘the author's values by 
10 before adding). Each final joint ‘rotation and p- >-value is marked with 

an asterisk in Fig. 22. This completed the analysis for side-sway. 


applying the slope- -deflection equ quations to these values, the modulus 


applying ‘this method to particular problems ‘many advantages 

disadvantages, ‘compared to other methods, may be found. 

@ less of the type of problem to which this method is applied there is one sR 
improvement over other methods. This advantage its self-checking 


feature. Th is chance for compensating errors, of course, , but that 
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GRINTER ON ANGLE (CHANGES 


ce is very ‘slight. In addition, ‘the method ‘has useful to 


a structure given set of conditions. pity 


‘Assoc. M. Am. Soo. C. E. letter)" —The 


scussions have un ndoubtedly added much clarifi- 


were either familiar with the deflection method of analysis 
the ‘method of balancing moments. It is ‘not to be 
that others would find the method e either immediately, 


SM attractive, since they “would not only be faced with a new and uniquely 


disturbing procedure but: probably with a new terminology well. How- 


ever, many ‘persons are being exposed regularly to contact with modern 
‘methods that are now in use by some one in 1 nearly every office so that a 
Tt is interesting to observe the different opinions expressed aaa ‘tefer- 


to the similarity between balancing ‘moments and balancing angie 

changes Mr. Floris, Mr. Byrne, and “Mr. Mensch seemingly 
the | opinion the one} practically one and the same. On the 

other hand, Mr. Gray and Professor Maney seem positive that the method 

of balancing angle changes is really the old “slope- deflection method in a 

“new dress. However, Mr. Goldberg answers adequately Professor Mi Maney’ 

contention that ‘balancing angle changes’ is merely new “group of 
words” to _ describe what has been done for years in the solution. of the slope- 

deflection equations,” when he ‘Points out that “throughout the entire 

glope- deflection analysis: the concept of continuity is firmly maintained,” 

$ while in balancing angle changes “ “continuity is first destroyed and then 

4 established. » The resemblance that Professor Maney noticed was 
for a special _secondary- stress analysis: which | ‘discussion 

writer devoted only two sentences of the paper. 
‘Several discussers, notably Mr. Floris, Mr. Goldberg, a1 nd Mr. Mensch 

some difficulty in analyzing for ‘side Turch by balancing" angle « changes. 
‘Mr. Floris will find that Mr. Andersen has solved this problem most, excel 
Tently without the use of an “unresisted side lurch” whereas “Messrs. 

and Simpson and ‘also Mr. Benson apply, effectively and brilliantly, 

“conception of an “unresisted side lurch.” interesting problem 
two-l -level bent, analyzed | accurately by Mr. clarify the 1 mis- 

conceptions of Mr. Goldberg that the method would necessarily become an 

n for a t two- “story frame. Evidently, work involved i in 

— of the examples presented by_ the discussers | is much less than by any 


the “classical -methods. The final moments ean ‘be obtained to 


ur. questions the writer’ procedure ‘of “carrying-over” from 
ne joint before “balancing” at adjacent joints, ‘Fig. 


Received by the ‘Secretary April 19, "1981. 
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with “the: several “methods corrections has shown the 


stated in his opening sentence that the purpose of his discus- — 
| sion would be “to: test the theory of this paper in all its technical | phases. 2 ae 
Since his discussion di does not ‘mention the use of balancing angle changes 
for: any of the m many y purposes considered in the paper, it appears: that. this 
carried to a conclusion. His “discussion is composed 
mainly of ‘a carefully presented demonstration that g-values a and the 
earty-o -over factors ean be derived the -slope- deflection ‘equations. 


4 
Naturally, this but it is also true that these ‘primary factors can be 


are themselves derived by area- ea-moments in most 
oo ‘Luce has tested the method of balancing angle changes 


ciently” wide variety of structures to speak with assurance as to its” gen- 
eral application. ‘The difficulty that he has found with reference to its 
use in wind- -stress analysis has” probably occurred to others; namely, that 
‘criterion ratios are based upon shears rather than angles and, “therefore, 
a correction -value or p- value in a ‘story is not easily determined. 
difficulty be overcome, however, by study of the influence of an 
side lurch in a typical ‘story. upon adjacent stories joint 
is restored. This study will involve 
‘and 6-values with story shears. An investigation of relationships ns 


sion points | out other It is that the 


starting the process of ‘balancing. The ‘signs in his discussion 
give it a rather formidable appearance, particularly when it is ‘compared 
with the paper in which the ideal of mathematical simplicity was 
mount. However, Mr. Byrne does show conclusively how Sinton 


moment _and angle related. In answer Mr. Byrne 


alu 


‘ties cused f angle changes the writer submits Table 3 which 
prepared during’ a study that he ‘made in 1925. The source of these 

: data is now unknown, although it is recalled that they represented only a 
slight revision ‘standard tables. They supply of Factors A and 


n in the 


— 
ui number of terms involved in‘Fig. 14 could probably be reduced considerably ae ee 
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in which B respectively, are the rotations at left and right | 
Hall may also be interested in Table 8, since constants obtained 


from this table beams to which his excellent discussion 

TABLE. 3.—F actors FOR or Equanions (42) a 


Factors A anp B, ror Tan or mt = 


mee 7a 333 | 251 | 173 109 | 99 
141 | 106] | 76 a 


264 144 | 136 
147 104 


162 138 | 133 
117 107 | 105 


160 | 156 | 151 | 145 
121 | 120 | 118 | 116 


voapeee 184 | 180 | 176 | 171 
134 | 133 | 132 | 130 
209 | 206 | 202 | 198 
145 144 | 143 | 142 
237 | 234 | 231 | 228 
} 163 160 1 156 | 1 154 | 154 | 153 | 152 i 


q 


116 108 

151 | 143 
115 | 112 

169 | 162 

126 | 123 


188 | 183 
135 | 134 


204 
143 


151 
250 
157 | 


*n = the ratio of the length of the fillet, a,{toJthefspan length, - m= the ratio of the moment 
of — I, at the center of the span, to the. moment of inertia, Zs, at tle support. os ee : 


Mr. Hall has’ contributed the very “brilliant | and useful 
"that ‘the deflected curve for the ‘effect of a ‘unit end moment is an influence 


line for end angle change. ‘The writer would add that. the angle change 


caused by the unit “moment is an inverse measure of stiffness from which 
distribution factors: are obtained and that the ratio of the angle , change at 
the far end to the angle change at at the near end is the carry-over factor 
distribution. Hence, one loading “(applied unit end ‘moment) 


give rise to all data for balancing angle 
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B {112 | 106 99; 91 ‘sti 
7 134 | 12 pa 
en 
134 
oe 0-30 |...) 333 | 295 | 254 | 236 | 225 | 218 | 212 205 198 198 oe 
4 4. | | 152 | 148 | 146 | 144 | 142 
224 | 217 | 213 | 208 
333 | 300 | 266 250 | 241 | 234 | 220 | 224 | 21 
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ON BALANCING ANGLE CHANGE 


is oceatal tent the haunched | beam is best analyzed for end im 
‘elastic deflections by area ‘moments preferably modified by the con-— 
- jagnte: beam conception. T Table 3 gives the end angle changes for a wide are 


Mr. Mensch states that ‘the effect: of side lurch we ‘was in Fig. a 


an 


sight premeditated and t o this end was shown, by the 
standard convention of a non- lateral movement 
permitted, the support, y , would have been | shown by 
convention for a rocker or roller nest. These conventions do not ordinarily — = 
receive explanation in a technical paper. Hence, it seems Mr. Mensch 


erred in making his | statement that “this example is a flagrant disregard of eg 


fundamental conditions of equilibrium” about as seriously he 


stated the writer's actual claims when he wrote “the author claims that he 
78 oh 
/- has found ¢ a new w and revolutionary short-cut in the analysis of indetermi 


on 


96 nate structures.” These v very modest “claims” are » stated in the ‘concluding 

39° paragraph of the paper ay! The ‘method is self- f-checking; and (2) ‘it 

offers the clearest possible picture of the physical action of the structure. 
“The discussion of Messrs. Livesay and Simpson shows how the introduction _ 
of a roller at Support F would change the calculations. 
"Mr. Benson, Mr. Andersen, Professor Maney, and others have generously 

? sor y, a eg sly 

emphasized the the self- of the method. the method is 

definitely self- checking ‘its greatest single advantage over methods 

deal with moments or stresses alone. Others have mentioned the fae 

~ (§ that the method gives a ‘clear physical picture of the > action of the >vitooni Fane 

with the v: various ‘mathematical steps” in n the analytical ‘process. 

134 Some would conclude, apparently, that this same advantage exists all 
107 ‘lope and deflection ‘ni, but this is most decidedly n not true. No « one 4 
would” attempt to visualize any connection between the elastic action 

tructure and the steps performed in ‘Solving a | group of simultaneous 

131 quations either directly or by successive routine -correctians, In decided 

198 ontrast, it will be noted that every step in the process of balancing ang] 

hanges has a physical: ‘significance that is easily visualized. 
Professor “Maney and Mr. Gray, seem to have misunderstood use 

248 f f the word, “plastic.” ” The writer’ s use of the word was consistently tha 

denoting “ ‘inelastic.’ The profession will make no mistake that elasticity 

nent means” _ straight- line variation of stress with. strain» whereas plastic 

inelastic deformation denotes permanent or non-recoverable. deformation. 
ion FD Such a fantastic idea as “time yield” or ‘ ‘continued flow” in a structural _ Pee? 
nee ‘steel joint which would "practically eliminate end restraint is a proved 

nge fallacy that formed no part in the choice of the word, ‘ . ‘plastic.’ ‘ane 


fallacy formed RE basis for the steel building frames of f two deca 


ctor =. this the writer wishes to e express. his 
+ which the discussers gave to the clarification of the 
Bes. atter per. ‘This also seems an appropriate time to 
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under load will | displacement of the long ‘entrenched 


“classical methods dependent. the solution of groups of simultaneous 


The following, corrections will be made before the ‘paper ‘is printed in 
Transactions: : In the discussion by Mr. Mensch, 1937, Proceedings), 


4 Ra +6. Ne’ + 2No3” “and, 


“From (0), 


DF at D, ‘producing there 4 
t-Ib; “must be dis- 
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‘THE MODERN EXPRESS HIGHWAY 


A. Moyer, AND CHARLES M. NopLE 


Moyer,” Am. Soc. C. E. (by letter) 
-versial questions are involved i in the proposals offered by the author ; ae 


ever, the important question “that remains unanswered is that of 


The ‘writer discussed this at some in “1936 and 
including a recital of the more general aspects of the roblems involved. 
In analyzing Mr. -Noble’s paper, the writer wishes to add further interpre- 
tations of the results of his extensive research on the subject of speed 
“versus safety, as it applies ‘more specifically ease to the 


of. ‘designing “express highways for miles per hr recommended by 


Noble as a suitable design speed. 


oo: _ There seems to be general agreement among highway engineers to-day 
“that” many highways” the United States are in immedia need of 

modernization and that the: gteatest single “factor which has been _Tespon- 

sible for this ‘situation is: speed. Highway “engineers are no means 
in agreement in regard to the methods to be adopted to solve the many 
_ problems created by wide variations in speed and especially by travel at high £8 
rates of ‘speed. The author leaves” the impression that the best solution 
* to the ‘speed and highway accident problem Ties in the design and construc- 
tion of. express highways for speeds of 100 “miles per per chr. After more 
than five years of intensive study of the many factors related to “speed, te! 


writer: is convinced that safety on highways can not possibly be Se en 


Norr.—The paper Charles M. Noble, Assoc. M. Am. “Soe. C. E., was published in 
¥ September, 1936, Proceedings. Discussion on this paper has appeared in Proceedings, as aa 
S Ows: November, 1936, by Messrs. Fred Lavis, Joseph Barnett, G. E. Hawthorn, John — 
F. Fairchild, Leslie x. “Schureman, and C. H. Purcell ; December, 1936, by Messrs. Elmer 
 R. Haile, Jr., H. W. Giffin, and T. T. Wiley; January, 1937, by Messrs. F. L. 
} Theron M. Ripley, W. W. Crosby, Richard 8. Kirby, Harold M. Lewis, George Conrad Diehl, 
and William E. Rudolph; February, 1937. by Messrs. A. C. Dennis, and J. C. Carpenter 
and March, 1937, by Messrs. Henry B. Alvord, Robert Eugene Hiles, and Chandler Davis. 


: Assoc. Prof. of Highway Eng., Iowa State Coll., Ames, Towa 
' “os Received by the Secretary April 2, 1937. : 
Rp 


“Speed versus Safety on Straightaways”, Civil Engineering, November, 1986; 
Speed versus Safety « on 2: Civil Engineering, February, 19387. 
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a unsafe on the basis of the physical laws which ome motor-vehicle opera- 
tion and which | inviolate, “but the difficulties which confront the 
driver at. such ‘speeds constitute even ‘greater "threat his" safety. 
‘the extra ¢ costs of providing | suitable highways for travel 
at this speed, and especially the excessively high | operating: 
indicate that ‘such travel is uneconomical and impractical. 
_ The author r may defend his stand on the | basis that the 
is designed for a speed of miles per hr, it will be safe speeds" 


less than that. Now, it the writer's opinion, that this attitude is con-— 


4 the author when he states that “it i is possible design highway ‘80 that 


motorist is. led “unconsciously to choose the: safe act rather than that: 


which is unsafe,” and he further points out” “the "desirability of design- 


ng the highway on the basis of constant 1 rate of vehicle speed between 
large terminal points. With these concepts or principles of 


writer concurs. However, few persons: driving ears at 100 miles. per hr 


on a highway of the type suggested by the author could ever be pirate 
to have the ease ‘of mind or feeling of safeness comn monly | experienced | 
ae when driving at the moderate speed of 50 ‘miles per r hr « on a dual high- a 
way or even on a two- o-lane highway designed to -present- -day standards 
to accommodate such a speed. -_tenseness and feeling of unsafeness 
commonly experienced at greater or than 60° or 70 miles | per hr on the 
best of present-day highways is born | out ‘of the knowledge that there is a 
certain ‘minimum limit to any driver’ reactions meet certain 
emergencies a1 and errors of j judgment below which it is im ipossible 
In that split second munch can | happen over which the driver has no 
control that ‘only by taking the control | of the | car almost completely out 
of his hands (as been done: in the safest rail” operations) can safe 
"operation be made possible. Not only is there a fixed limit to reaction 
time but, what ‘important, the forces with | which the. driver ha 
eo contend. ata speed of 100 miles per hr have been increased many times, 
4 The time required to bring the car under control 
‘Se Wendie been increased ; and the distance traveled during this interval 
extends far beyond the of safety within which control the 
may reasonably be assumed to be possible. | Only a a revolutionary « change in 
the steering, braking, and ol cars can correct this situation. Accord-_ 
ingly, even if the driver were led “unconsciously to choose the safe act on a 
designed for 100 miles hr, his chances of “following his 
a ng at this speed would | all too frequently be very | <n 


feature: of ‘this: is that it has 
design—the- 


— 2. wing such a course and that the surest way to increase mil 
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author contends should provide positive safety at definite speed. 
However, establish the design speed arbitrarily at miles per he, 
oF or at the “maximum | speed at _ which the cars are ‘now, or may soon be, 


ite. of, is contrary to design 


In the 1986 report of the National Safety Council on “Accident Facts,” . 
with "an increase in speed. at of miles 
2s s between 20 and 29 miles per hr, ae 
accident out of 42° is fatal; a ‘speeds: between 30 and 39 ‘miles per br, 
1 accident out of 35 is fatal; at speeds between 40 and 49 miles per hr “Ss .. 
accident of is fatal; and at speeds greater than 50 miles per 
br, 1 accident in il is” “fatal. Statistics of -railroad- crossing accidents, — 
hae involving ears and trains, have consistently shown that one accident in ae 
or three is fatal. - Tremendous forces are involved in accidents involving 


high ‘fatality rates. should be n 


e noted that the forces developed at high 


i rates of speed vary as the square of the speed and | that the aforementioned 
a certain amount of correlation in this “respect. 


Not only is the se verity of accidents increased with an increase in speed, 


the chances for accidents increase with an increase in speed. _This 
as revealed in 1936 in a report,” by Char arles J. Tilden, M. . Am. Soc. 0. E., 


in the accident ‘records of owners of cars observed traveling at high 


and low speeds were a ‘analyzed. It was found that in in this 
high-speed drivers have “accidents have them, 80 that they 
account for 45 per cent more accidents than do the low speed drivers.” ee 
regard to the e economics express: highways, Mr. 
“summarized the “highway cost phase of 4 very ably in a paper ‘presented 
a at the’ 1087 


possible except on a very limited mileage of our State Highway Systems. 
Assuming that it would be desirable to improve 5 per cent [about 
16000 miles] of the State highway mileage with four or more traffic is 
lanes with opposing traffic separated, grades intersecting highways 
eparated, border roads to eliminate unrestricted access from abutting prop- 
tty, and sidewalks for pedestrians where needed, the expense involved e 
x undertaking alone would amount to approximately four billion dollars. _ 
x ‘This is just about the amount that has been devoted to highway improve. 


“Motor 1 Vehicle 


i we Safety Exemplified by Properl 
BR. verican January, 193: 
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ff of Federal funds appropriated for emergency construction which did not § 
matching by the States. When these figures are considered, 
wy 


5 at this time 
Kom 9 95 to of the State this country may 


"ways may 1 high, since it ‘average initial cost of 
about $250 000 mile, this figure is unreasonable “stated 

in terms of cost per -vehicle- mile on highway carrying 4 000 or 
more vehicles per The annual cost for a highway, -inelud- 


4 

ing m maintenance costs, snow removal, depreciation, interest charges, and 
charges” for policing, would probably be about $15 000 per mile and, for . 


4000 vehicles per. day, this w would represent tax cost of about 1 ct per 
vehicle- -mile.. The present “average tax cost for highways the United 
States, based on the license fee and gas tax, is about ct to ct per 

ehicle-mile ciate would be | quite possible for the Federal Government to 


ch _@ project to assume full control of this ‘system of 
highways. Federal license would required ‘to operate on the | high- 
way. gi might be “collected to finance the cost of construction and 


and policed by the Federal Government. 


Although the e highway cost may not be unreasonably high wh € the 
volume sufficiently great to justify construction of 


highway, motor-vehicle operating costs are so much higher a at 
miles: per hr than present- day average speeds o} of and (50 “miles 


2 


‘per hr, as to make it very doubtful whether traffic would operate ¢ at ‘such 


any considerable distance; and, certainly, it: would be absurd 
to build “highways f for such a speed if, only a small percentage of the 
traffic would travel at the designed speed, or if drivers were: to operate 
at such a speed for only a few ‘minutes at a time. Tests “conducted by the 
writer indicate that fuel costs at 70 miles” per hr almost, double 
the: costs: at 40 miles per hr, and at 100 miles per hr there is every i gress 


tion that, the ‘costs for the ‘same car about “three times the costs 


at 40 miles per per hr. Oil costs” “seem to follow a similar trend, or oil q 
osts are” reduced at the sponte, engine costs are increased, 


due to "increased ‘wear on cylinders ‘and pistons. Tire” wear follows” the 


Square: law very” closely and the tire costs at 100 miles” r hr are most 


to about six ‘times as. great as at 40 miles Per 


erage speed of slightly more than 100 miles ‘per hr is for 
‘miles. One c can be quite certain” that engine repair costs a 


ear ‘maintenance costs would be greater at 100 miles per- hr ‘than at ad 
‘miles. per hr. A conservative ‘estimate the increased ‘operating costs 


for the same car due to speed is that the cost of ‘operating at 70 mil 
hr i is 2 cts. per mile more, than at 40 miles per hr and at 100 miles Pe 


: 
it: may easily 


‘Such a cost of high- speed “travel can disregarded ‘proposals 


are made for spending ‘billions: of dollars to build express highwags. » 
on engineering judgment to find 
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ON THE MODERN EXPRESS 


‘such highways w were built, traffic would not be willing pay ay the tax 
toll-free State highways with their “lower speed 


In his discussion o of details” that 
“great for research before satisfactory design details can 


qt has been gratifying to note te that this” paper has provided the means 
for bringing together many discussions in which considerable experimental — 
data and many excellent theoretical analyses of the design problems 
presented for first time. Tests conducted by the writer” have 
vided much basic information that is needed the ‘solution of this prob- 


lem. Although present knowledge is far complete, it is the writer 


conviction the basic facts are now known, it is not so addi- 
The most important element in. ‘the design of an highway 
+ to- -day is the speed factor. — T his is not a matter sa be decided upon by an ee 


by: 


individual, experience based on local conditions, but rather 


element of design which should as rigidly -eontrolled are the 
"weights, lengths, widths, and heights of vehicles. _ Speed may quite ee. 


be thought of as a “fourth dimension” which controls curvature, supereleva- 
tion, Toad width, and sight ¢ distance. In fact, practically every detail of 


design is wholly, or in part ‘controlled by the speed factor. For 
highways, is desirable, therefore, to. standardize or control speed for 
the game reason that weights and lengths of vehicles” ‘are standardized 


establishment of such a standard is not an easy matter, 


In this discussion, the writer has touched on only a few of the more 


‘important factors which should be considered before “speed standards are 
decided upo “upon. A complete analysis of the speed problem and of establish- 
ing design” speed standards oe various classes of highways is not within 


virtually impossible design” highways: to permit safe travel 
on ice- covered surfaces for the —high- speed travel, which the author sug- 


gests be a controlling factor i in determining» the superelevation 
 eurves. Tests clearly indicate ‘that there simply is not sufficic nt fricti 


available between rubber tires and ice to make it possible to develop a 
speed of 100 miles per hr on a level surface, not to difficul- 


ties of steering or of stopping the oar at that ‘speed. 
-mends -superelevation be on all -eurves to mening 
“and that the maximum rate of superelevation of 0.1 ft ft be used 


on ‘the sharpest. curves, combined with a maximum value of f equal to 0.1 
where frictional force is” necessary counteract centrifugal | force 


not t taken of by the safe speed on ‘ice is. almost 
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ls separated and it certainly does not seem possible that curves could be _ — 
it § esigned to permit higher speeds with safety on ice by any known device a i 
ter Bulletin 120, Iowa Eng. Experiment Station, Ames, Iowa. 
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In ‘this “paper, the “author has imagination of his readers. 
‘The has deen timely because this country n now Ww appears” io be 
approaching the end of been ‘aptly, called a “highway construc- 
tion holiday.” new era of road building seems to lie immediately 
ahead. “The mod e m car is so “far ahead of highways « on which it 
must now “travel will “not suffice. new concep- 
tion of a ‘modern highway is needed. Men of vision and of wisdom are 
who can weigh all the “variables involved, can foresee the 
direction in which true progress: Ties, and who can formulate the broad 


which the highway systems of the future a are to o be built. 


- 


_-Tesponse to the paper, and the frank expression of opinion, is "gratifying. 
has been ‘directed as m much along sociological, psychological, 
and lines as along a train of thought devoted to technical 
background of 
nam the vehicle, and 
the ‘the paper the: latins, om the theory 
other two were, in a “technical ‘sense, out of the province of the designing 
engineer; | but, ‘since the discussion has broken free of the original limits, 
‘may be in order to ‘continue in the spirit: of the discussion and begin 


at once with the non- “technical turning to the ‘more technical 


The writer wishes once to concur with all that has been said respect- 
ing the desirability and advantage to be gained from a ‘Tigid restriction of 


deprivation of one’s Ticense from n the 


well ‘the testing and training of the operator. There is 


Nothing in the paper could be construed as looseness or laxness 


in this direction and, ‘some ‘years, the writer has been keenly aware 
of the of ‘rigid: control and policing. However, control 


: oe Asst. Engr., Port of New York Authority, New York, N. T.: 


Received by the March 26, 198. 
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riter wishes also to state 
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18 paper should prove to be a really Worthwhile contribution to the 
ng literature on the subject and a benefit to all the people in Ww 
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yn, Essentially 
the ‘problem | ‘of the designing eng engineer is to comply with -condi- 


“future, ps a review of ‘elementary basic engineering design 


ay not be out of order, | as there appears to be a a tendency a. - 


to 


= 


he of all kinds which occur all parts the structure, 


finally, the "proper proportioning of each | member, based on th 


“rep 
th 


mission of stresses to it. The completed design ‘represents a logical and 
¢@ nsistent process of thought, which combines a close attention to detail 
with a a clear picture of the functioning o of the structure as whole. is 
axiomatic that success engineering design is dependent on the correct 
assumption of the loads to be carried, the proper selection of the materials _ 

of construction, and ‘the correct | stress to apply to these ‘materials. 


ably high, that loads « of such oes 


‘they hoped legilation might be passed ‘some time in the future to curtail Ea 
4 the loading! to be somewhat the attitude of of 
_ highway designers. There appears to | be a reluctance to ackn ; 


Toads which the highway is called upon to 


* _ Traffic density speed are the load a 


"elevation, sight distance, shoulders, ‘signs, “lighting, and a of 


details which add to vehicle “safety, are the materials. Loads have 
assumed that were too ‘small, and the materials have been stressed up t 


and “beyond the ultimate ‘strength. accordance 


i. A brief 1 review ‘of recent highway ‘engineering 1 history may be of assist-— 


in clarifying past design: measures and in illustrating that design 
‘practice is, at present, pausing at the cross- -roads, while consideration is 


‘dein iven the directio it shall ursue. The twent years sinc 


1917 resent the pioneering period i in highway design as related to the 


“motor car. At the beginning of the “period ‘no road system » as at present as. 


efined, was in existence, and the motor industry was still in its infancy. 
pressing “need to bring into existence, from a standing start, 
= nected ‘road ‘system embracing the entire United | States. task was 
ime, the propert owner. contributed the bulk 


money, onl he expected road dollar to go a lc 


The r alts may be compared in a rough ith the earlier d an : 
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permanent né 

were, nevertheless of vast, benefit ‘the. nation. America was. 


the x mud” the incredibly, short of. twenty years, thus making 


possible the almost ‘magical development o the motor ear and, even’ if 


exigencies” ‘of the period had permitted of more leisurely and permanent 


construction, engineers had nothing on which | to base a forecast of future 


requirements, for no one really dreamed of a stock car of ‘moderate 


which: could travel with ease hour after hour at 70 or 80 miles” ‘per | hr. 

‘Engineers ‘literally pioneering in a new form of 
consequently, be too critical of their performance, 

To- day, the situation is quite ‘different. The pioneering period has | 
definitely ‘closed and the highway and ‘motor: | are entering” upon 


an era of early maturity. The motor ear “owner is contributing the major 


a 


portion of of monies for highway ‘improvement, and consequently his 

ample ‘ “case history” which to make an intelligent forecast of at 


needs. now on the engineer produce a finished and ‘polished 


to and. equipment, and, in addition expe- 


adequate margin of operating safety must 


am isconception | on the part of many readers, It has om 
‘the wr iter is a proponent of speed, a and that he advocates In 
improvement design for the p purpose o of providing speedways to 
encourage tl the motorist to drive speeds. Nothing « could have been 
further fr from writer's mind. He feel, “however, that a great 
ber of motorists always have driven at a higher rate of "speed road 


“ 
conditions warranted, that t they will continue 80 until 
road conditions are improved to a state more in accordance with the speed — 
habits of the nation. As far r as the writer personally, is concerned, 


would be content “never, ‘to ‘exceed 50 miles per hr, but the: problem the 


engineer is facing cannot be “solved by injecting personal opinion into. 
is practice. Engineers are designing an engineering structure, and 


other 


routes, based on ‘this is a very, ‘effective 
of a assuring a proper factor of operating safety for more moderate speeds, 


while at the | same time providing a reasonably sure form of insurance 
against obsolescence. subsequently < demontrated the adoption of 


such design” speed dow involve as much ‘difference in actual design 
standards as “might be supposed tn with design based o on a 


sustained of 60° miles per 
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the motor industry is highly competitive and therefore, will continue, 
all probability, to strive to kind | of vehicle which it 


As as the | speed is present desig practi 


appears be i in a ‘somewhat unfortunate “position. the 1 Toad 
or so congested that even moderate speed was: physically out of the. 


question, it would ‘reasonably safe far as serious” accidents are 
concerned; ¢ or, if the road was designed for a speed greater than 
one cared to drive, then it. would be safe from a physical standpoint 
at call the operating speeds to which might subjected. Present 
design, however, is nor the other. is open ‘enough to 
encourage speeding, but not open enough to justify such speeding, and 


thus highway designers are guilty of encouraging motorist to. operate 
A at not justified by it should ‘emphasized | that 


in the paper, so ‘that a consistent | and "whole ‘is . T 
writer earnestly feels that engineers ‘should face the facts squarely, ‘ial. 


make an intelligent effort to forecast the future, and should then pr 
in an ordered and logical manner to ee. oe engineering principles, 


The key to the widespread advance sustained “appears 
to be related more to the general improvement of rather than 
specifically to increase horse- -power in the motor. As long ago as” 1920 
there were a number of makes” of ‘American stock cars” which were” capable 
of speeds of 75 and 80 miles per hr; but, except for. the most reckless 
, there Ww ere few that approached these speeds, 


‘driving one of those cars such high Speeds was distinctly 


nerve- wracking “experience which | only a thrill seeker would endure. The 
human nervous system could no not stand» continuous high- speed operation 
such cars, and, “consequently, continuous operation seldom ‘exceeded 

‘miles: per hr. ‘Thus, highway engineers no experience or r any 
for predicting a rapid advance i in road speeds, Along in the middle 
19207 s, when the anufacturers: mastered the production « of a 
dependable motor, they turned their r attention to other features of 

‘ wehicle. Improvements in the body, steering, tires, brakes, 
vibration, redistribution of weight, shock absorbers, rubber mountings, 
“ete, pyramided in rapid “succession, until” to- “day the: glides 
highway with swiftness” and ease, “eradicating 
with complete lack of “nerve” tension and for the. “operator. 
Ina word, all sense of speed has been destroyed. ‘This, then, is 
cause of 1 the. general» increase in sustained road speeds, and “coupled 
with greater power plant in ‘medium priced and cheapest vehicles, it 


"spreads the: power F of high speed great, mass, and 
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classes of people. The of the sense of “speed is the primary 
reason why many motorists operate at higher speeds than ‘ 


aA 


recent advertisement of just above the lowest” listed, 


ae others, the following: EN ‘No vibration or road rumble; new ease 3 


no ‘wind wander’ in a gale; no ‘edging off? in ruts 
or gravel; “new _sound- proofing; 80 silent inside pene talk in a whisper; 
‘city ride’ on any kind of Incidentally, this car is equipped 


with | 3 hp. There can be little doubt: that manufacturers will soon, 


hat 
observations taken i in 1936, should be ‘yemembered ‘that more 


60% of these cars. were: three years old, or older. In other words, 
‘were not newer than the 1983 model, and ‘many of the most effec 


which particularly deaden the sense 


actuated by a desire to lower the | cost: of hauling: freight or to shorten 
passenger- train time. Safety is not a an issue, because enginemen 
a definite speed order to apply to each section . of track, and they | are per- 
-fectly familiar with their runs. Because these ‘operators are employees 


may be for infraction of orders, obedience is quite 


pe law enforcement officers he can does, as he pleases. He 
usually feels: he is clever he "continues to ‘get away” with | breaking 

ws. Often he is unfamiliar with road conditions, ‘more 

often is ‘operating at a greater speed than ‘conditions | require. He has 

slow orders,” a nd, therefore, any sudden chan nge in road conditions 

which requires a a slow speed introduces a hazard which, Sooner or later, 
results” in an Moreover, the ave average “motorist. does ‘not have the 

skill and d judgment which an _engineman pie an 

in highway standards is a step forward i in safety, 


1 t his situation t 


with automo tive 
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ey 
but a that limit is more “likely to be 
human flesh than ‘steel and rubber. The human nervous system has a 
Kimit, it has been stated that this limit is possibly. 100 miles per r hr. 4 
then, is the basis for the suggestion the paper that 100 miles 
hr ‘may not be an unreasonable maximum 1 design: speed. 
purpose of the paper was to show that the present standard of first- 
class _Toad design is inadequate for ‘high speeds, ‘The destructive forces 


‘at high speed so terrific” that an entirely new conception of trunk” 


1 
highways will be necessary cope with the situation. thought is. 
expressed very aptly by y Professor Moyer. The | writer is gure, 
given unlimited resources a nd ‘money, whether engineers could 
duce, to- -day, an inherently safe design. They may not enough 
this moment about safe desi gn. Nevertheless, a a a sincere and intelli- 
- gent effort must be made to provide the motorist with as much protection — 
as s knowledge a nd skill 1 will permit, at the | same me time continuing an 


intensive attack on the problem in order the profession may 


more surely ‘advance its knowledge » and technique. 


In general, discussion by may be classified 


4 


BS into two more or less distinct groups: (1) That the present standards 
of design pro properly efficiently performing their functions, 
that ‘the highway system, as at ‘Present constituted, as perfect as ‘the 
motorist may reasonably expect; and that further advancement in 


the art of highway engineering, ‘partioolarly as related to safety of oe? 58 


is distinctly “indicated if the "motorist: is to be provided with the type 


of “service he should reasonably expect. 
It may ‘be well: to express to proponents x n the first it group "that ‘no 
engineering a art should remain | stationary—that. none o of the v various 


branches of engineering is. ‘remaining stationary _ When 


‘stationary it becomes mere dogma. The “feels sure no one really 

wishes to suggest such a fate highway Poem Indeed, it i 

clear that this branch of engineering has just emerged from the pioneering ok 
period and there is a vista ahead of mature vigorous gromth and 


at _vigorous ‘the “driver ‘should maintained 


the» unfit and the accident repeater be 1 ruthlessly ruled off the road; 


(2) That vehicle speed be arbitrarily controlled a mechanical 


That the adequate highways 


conomically ‘justified , and that the "percentage ‘caused ed by 


faulty highways is ‘not great enough to justify an improvement in present ~ 
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It may “clear the air” ’ somewhat if Disaattcanl 1) dis- 


Control of Driver—For twenty years: problem of control ‘(Item 


has been: discussed but very little ‘been accomplished, few years 


ago it was s thought that a system of licensing drivers would bea remedy, a 


“but such action n has been found to be only mildly p alliative. _ The e di fi- 
culty is” that the great mass of public opinion is “opposed to rigid control _ 


measures ; politicians will not pass statutes, “nor will ‘officials ruthlessly 
enforce | legislation, which “they know is not solidly supported by the 


the people. ‘The Eighteenth Amendment i is an “example. 


a group, highway ¢ engineers would welcome the elimination 
“unfit and dangerous drivers, particularly those who prove to be accident 


That 3 questional le it is t the 


repeaters. Granted ‘such a procedure is most desirable: and that it would 
be “helpful, ‘it: would by x “means solve the | problem under discussion. 


Tt would net. ‘materially “reduce those accidents caused by imperfections: 
in ‘Many -eareful and competent drivers have 
E; accidents. Should sober and substantial citizens be required to risk their 


lives” day by when it is possible remove many the hazards 
i 


connected with motoring by designing ‘safety in into the highway? 
‘ait Unfortunately, a continued discussion mn on the subject of control is almost 


cademic. Does” ny one really believe that rigid and drastic” law will | 
and enforced in near future? Without wishing to appear 
answer is definitely, “No!” Only by 
education can _be and for this. 1 


twenty years. By that time “nearly 800 will have paid 
with: their lives, if the present death rate continues, and 25000000 will 


Mechanical Control Devices.— 


speed governors (Item (2))_ have ‘been seriously "proposed. "several “times; 
but the public would have none of nm et is one thing for a private com- 
pany operating a number of n motor vehicles to apply governors to their 


gare but quite another to get a on the statute books requiring a 


citizens to to apply employee of a company is help- 


showing eir “disapproval. In addition, there are “practical dif 


rould such a a law be a Fe ederal st statute, or would each of ‘the forty-eight 


States | have to pass legislation specifying an identical ‘speed limit? Would 
motorists from | other States compelled to stop at t State lines and 
hase a a governor in order to pass s through States having such laws? ‘The 
injection of these conditions into the motor problem would undoubtedly 


motor transportation. ‘Finally, is. ‘there any 
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A 
writer can 


years ago most of ‘the ‘road funds Werte being contributed 
owner. To- -day, _most of the ro road» money is being contributed 
highway user. As Mr. Dennis states, the ‘American highway is, in effect, ign 


toll road, biped “user a sales tax. For ‘instance, in (1935, the 


personal ‘property tax to $350 000 000, 
total $1308 753 000. the motorist, who the bills, does” a 
object to the ‘expenditure of sufficient money to modernize the highways, 
there is no valid reason why the engineer ‘should urge him to accept 
article which does ‘not provide him with» reasonable safety facilities. 
the "writer 8 knowledge, there no unified and concerted 
the’ various of motorists for, the curtailment of high- 


Be Economical Considerations. It is often argued (see Item (4)) that 


it costs too ‘much ‘money to do a -first- class job” in constructing highways. 
That may have been true during: the 1 pioneering period when the vital a 
need was to” to create a road system; but now that that era of stop-gap con- 
struction | is past, engineers can “proceed to replace 1 their “log cabins” 


brick and stone. be realized that | adequate highways: “will cost 


struct, ‘these highways with the thought their 


It is _somewh engineers ‘should take ‘the 


adequate should not » designed and constructed 


‘the large cost. involved, when it is ‘remembered that considerable sums 
diverted annually from motor vehicle funds to other than highway 


Uses. “more commendable effort would appear to. be to educate 
public to the ‘fact that the need of highway ‘expenditure is “not over, but 
in “reality only begun, ‘and that ‘the highway industry needs every dollar > 


collected “from the ‘motorist to. remove hazards” from the present highway 


system and to construct new highways ir n accordance with advanced 


technique, ‘to the. end the public will: receive more expeditious road 


will: derive: more pleasure from motoring, and will be 


jected to as ‘many chances of being killed or injured. Thus, , the engineer es 

ould be performing : notable public service e, at the | same time assur- 

ing himself, and ‘his fellow engineers, of a continued ‘opportunity to 

“Tt is further contended that the “percentage o accidents “caused by” 


highway design is not sufficient to the expense safe 


d aring, twenty years ago, the same 
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uffering occasioned affic ‘accidents is ow: make matters 
orse, the argument may not be altogether true. As stated in the paper, 4 
accidents occasion economic loss" from a purely financial point a | 
view. The writer is not aware of any accurate appraisal” of this loss, 
The Travelers Insurance Company, of Hartford, estimates that 
‘amounts to from $2000 000000 to 500 000000 each year. 
Buck, M. Am. Soe. E., states" that. statistics indicate that 30% of 
gill accidents may y be ‘traced to some fault “in road location and ‘design mn. 
‘Tf these figures and assumptions | are correct, then faulty ‘highway design 


costing the American public | $600 000 000 to $750 000 000 each 


ore “nearly a 
figures. ‘of the economic ‘loss due to may available. 


this connection it may be pertinent mention railway- 
-grade- -erossing elimination. Acording to. Table 1, only 0.6% all acci- 
dents Were due to this cause. ig the economic loss ‘this type of 
ccident is assumed to be : at the same Tate as for all accidents, then, 4 
ass uming the foregoing estimate, the annual economic loss” due to railway 3 
grade crossings only amounts to from $12 000 000 to $15 000 for the 
entire United States. as Mr. Ripley states , New York 
voted $300 000 000 “for grade- crossing ‘elimination, and there is a | strong 


over the country for rapid elimination of all railway grade 

standpoint, this has no economic 
but is ‘there any considerable body of who condemn 


su r “gach 


why ar not the elimination of road 
haza 


of other types of accidents are not as even ‘to engineers. 


The public i is supporting -_grade- -erossing elimination heavily because 
it can readily” visualize a railway crossing as a hazard. Tf the public 
really” ‘understood the ‘mortality due to other | highway hazards, they would 
wi t t approve the expenditure of “necessary funds to pro- 

vide for their systematic elimination. More people are killed in motor 
accidents in the T United States in one ‘month than ha have perished in all 
the floods the entire country during the past ten years, Therefore, 
would | appear wise for | engineers to a advise the public of the relation between 

: highway design and the accident rate, rather than to remain indifferent 


‘until stung into action by public censure. 


Responsibility. —Mr. —Lavis questions whether it tis the duty of the: 

tate to ‘provide the motorist with expeditious: road s service (see ‘Item (5)). 
This i is a 4 pertinent question and deserves careful consideration. As prac- 
a ticed in in the United States, 1 the State has, in general, assumed as a a duty 
ny function for which there isa persistent and widespread demand among 


the electorate. It may be assumed, therefore, that if the nore demands 
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expeditious service, the responsibility within the 

limits of available highway re revenues. The continued reconstruction 

outmoded highways is an expression of an "acceptance of that duty. y. Fre 
quently, the relief from congestion in n urban a areas” constitutes | a provi ion 


Fess, based on well-founded principles, clearly indicated in order that 
ghis” of Way. —of all the tention under discussion, the alignment 
width of the right of is by far the ‘most pressing and important, 
only from a financial point of view, but also because of its, “vital 
vehicle safety. The ability” of average: ‘citizen to look 
and prepare e for the future is generally ceded to be rather po 
His thoughts are chiefly concerned with the present, and usually he is 


not ‘prepared to make any sacrifices” or provide monies" to care for the 


unless” he can be shown conclusively the benefits ‘that will 


The dissemination of this gospel and education is in the province of the 


engineer, he is generally thought to have the ability to look into 
3 future, to forecast - the coming needs, and 1 to evaluate, properly, the 


extent ‘to Ww 


ted his in this field and educated the public 


respect his judgment. _ The right- of- “way ‘Situation an 


= 
acquiring ample rights of way with proper alignment The importance 


Lavis. and Crosby have the desirability of “initially 
the subject justifies an expansion of discussion in order to focus 


@ _ ‘The right of “way is the only ‘element of the highway 1 ‘that is permanent. 
This axiom was current when the writer entered the highway field in 


cA 


1914, yet it was heeded to so small an extent that to- day the Ercole 
rights | of w way, which is’ the most difficult and | expensive error to correct, 


is acute in many Road improvement brought increase in 
land values and physical improvement adjacent to the right of way which © 


made widening and straightening prohibitive i many cases. The 


critical street ‘situation in cities is a a manifestation of t the ultimate results Fe 
of inadequate width. As stated previously, lack of vision during: q 
oneering stage in securing adequate rights of way should not be crit 


cized without a realization of the csmatans, of the time. To- day, the situ 


v Because of its very x nature, the trunk highway, will be located to as 
large an e extent Tights” of way as far removed 
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from. developed 


han at any Pp 


the ‘time of “original t 
can be purchased the basis of the owner ‘Tetaining | (with restrictions), 
mineral, timber, cultivation “rights the unused ‘part, 


reserving to him a large portion of the “material benefits, for many years 


“while, at the same time, he would be 3 relieved of paying taxes on such 
This procedure will reduce the cost of acquisition, and, the 


ame time, Jessen the opposition the public and the land owner, 


In. ‘the discussion the: ‘commentators, "frequent mention been 


made of the excessive cost 1 wide rights of way. e cost of anything 
relative. Bearing mind the life such land relatively 


infinite, the yearly cost is - consequently very ‘small; ; but, for fiscal 1 reasons, 
it may be advisable to liquidate it within a period of 50. yr, | Slee 
~ 100 yr. In Europe, there are Tights of way in use to- day which have existed 


nd for more than 2000 yr. ‘The right of way is the very foundation of the 


initial construction (located off center), may « cost less than 1 
land, and in n undeveloped 1 regions its standards | may be quite low , (except for 


alignment which is determined by right of way), , until traffic justi- 


fies further improvement, but ‘the ultimate construction may cost $200 000. 


(In the East, highways” have already been constructed through 
y country which cost $600 | 000 per mile,. exclusive of land.) If 


right of way “proves inadequate, the previous heavy investment in 
physical construction | ‘may rendered impotent because a 
ray is relocated to a new right of way, all improvements in the form of 


‘sub- -drainage, stabilization sub-g grade and ‘slopes, drainage, 
bridges, landscaping are lost. is a type of financial: failure. iff 


the right of way is proper alignment and of sufficient width, 
in advancing the standards will make full of previous ‘effort 


nd ‘expenditure, th thus conserving “the people’s investment and producing, 
by step, ‘a more perfect. and up- to- date element of transportation. 
It is difficult for those w reside rural or undeveloped regions 3 


visualize the throttling effect of growing ‘population and 
nadequate rights of way. Many troubles to- day are caused by the failure 


w 
previous , ‘to realize ‘the the future. Tt was 
wth. Many wholly wale 
eloped regions through which h right of way may be purchased . at 


Prices, may suffer 100 yr from now if a niggardly Fight- -way i 


An element of cost “not sufficiently stressed is the fect ‘upon, ne 


“economic loss sustained by, farmers and property owners each time 

a highway is farms and of property have been 

cut up into ‘unusable or uneconomic pieces, Areas containing abandoned 


and put back into any form | of 
i pack 
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pavements usually are Not” = 


> than is “necessary. 
difficulty 


"The period a 


wide rights of way, in view of the “continued high gov- 

ernmental_ ‘sources relative to retiring large tracts of land on the theory 


that more land is use than economically justified, and highway 
engineers should be quick to seize the opportunity of. informing the ee 
of the lasting benefits’ which will accrue to the nati 


Classification.—Mr. Diehl brings up the very pertinent of | high- 
ay classification. The subject is not important but pressing. The 
Toad must not only be classified according ‘to present and future traffic: 
trends, but. it is quite” as. vital for it to be classified on the basis of safe 
operating speed - Fortunately, the which to base a classi- 
e U.S. Bureau 
Public Roads. ‘Whether full and _ proper use will be 
transport surveys depends on the initiative and unselfish public spirit” 
officials and engineers. For the first time, it will” be possible to 
and ‘searching analysis of economic structure of 


_ highway system as a whole. : 
analysis ‘is completed, 


may not be as fantastic as would appear at first. thought. Undoubt-— 


edly, it would ‘prove a Teal national asset not only for the every- y-day needs» 
the 1 nation, but also 13 a vital unit in the national defense system. 


it is assumed that 10 000 miles would constitute ( 
e system, it could be gentawecinn for approximately $3 000 000 | 000, and 


if, sts, it is developed within a period of 30 yr, the 

annual appropriation ‘required ($100 000 000 moderate p portion 

f the” Federal at imposes on _motor- 


United States during the ‘past 36 yr, $8 000 000 000 does “not ‘appear 


onnection features: of the paper, the 
ishes to express appreciation to ‘those who brought the ‘latest. 
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_ NOBLE ON THE MODERN EXPRESS HIGHWAY a — 
‘members of the Society. At 
time e of ‘the prepar tion of ‘the. paper (spring of 1935), the ‘results 
of certain very illuminating and ‘clarifying tests,” by yy Moyer, Assoc. 
Am. Soe. O. 1 E., which lave "since een widely disseminated, had not 


to the writer's attention, and he is ‘grateful indeed for sddition 


To simplify matters, and for convenience, it may prove 
covering the discussion, to follow the same order as used the paper. 
Dual Highway.— —There is further ‘opportunity for ‘service in establishing 
design standards of the dual highway, . because - development has reached the § 
stage: in which several variations of type are being con- 
structed subjected to the actual test of “traffic. _ Further analysis 
ES ages the va various | lasses of accidents occurring on each type, and a thorough- 
——. going scrutiny of the comparative accident data, may clarify the situation ‘a 
and “indicate “proper design to be used for certain particular condi 
the liberty of | attempting to analyze the situation in order 
to define the | issue more clearly i in the hope that ; further thinking will be 
stimulated. ‘The subject is so new, and there is so little supporting data, 


that 1 the ar aig. should be considered d only as a a personal expression of | ny 


( 7, 
is that space separating opposing traffic for 


trunk- line highways ‘carrying any ppreciable volume of traffic; ‘but ‘the 
width and treatment of this space is a very unsettled There are 

cases when it is. physically and financially limited toa width of a few 


fea feet, and other cases where it may easily be 150 ft or ‘more. - is obvious. 
that as the width th increases, the chances of opposing accidents diminish. 


+ For the narrower widths it is ; clearly necessary to u use some kind of curb 


to prevent “impatient drivers from using space for passing in case of 
traffie congestion. The treatment. in use varies from straight- sided 1 curbs 


6 to 11 in. high, to numerous types of sloping curbs, = 


When the width is only 3 or 4 ft, t the vertical (batter of 6 on 4) curb 


the lesser evil, but ‘it be recognized ‘that certain “elbow 
m” has been forfeited. The operator nO longer has ‘the chance to 
S$ dodge sidewise the few feet necessary to avoid a side- swipe accident when 
he has been ‘crowded or “pinched” by other vehicles. For widths of from 
7 to 20 ft, some ‘kind of sloping ‘curb is indicated, the e design to be such 
that it can mounted at high ‘speed without: danger of loss of control. 
Considerable experimentation is being: practiced | in New J jersey in an 
effort to find a solution for this problem, : and it is hoped that tests ‘will be 
made, using ‘different of cars at various speeds, in order 
establish a design which will mounting without throwing the 
Nase car out” of control. -eurb of improper design may ca ause a more serious 


type of accident than one by a sideswipe = 


— 
— 
— 
— t 
— 
in 
st 
al 
tr 
ke 
| vl 
— sh 
— 
Te 
é 
— ci 
off 
—— 
— x, a 
— pr 
— 
— ne 
en 
4 
P 
by 
av 
— 4 
spr 
— 
rer 
‘ho 
Jae 
— 
| 
I 
— 
— car 
‘Th 
§ h 
th 


attention must be paid to the material between curbs. 
wet weather, ‘and during ‘the spring break-up, unstabiliz ed grass plots 
very dangerous, ‘the ground being so soft that vehicles are thrown “4 


will not exceed 3 in, 
cushion for out of “control. ore: 
As a ‘motorist, writer cannot but be tremendously impressed with 
the general design developed in Delaware; the operator has a feeling 
tranquillity and utter safety not experienced in in any of the e narrow center 
width curbed designs. Passing is no problem because the motoris 
= to the right without supervision, » and ‘the wide, smooth — nevi 


the belief the width separatin; 
is a function of safe allowable speed. As ‘the width ‘decreases, the 
should” ‘decrease. Where it is necessary y to reduce the width for financial 
the additional cost to the State of. ‘policing to insure 
_ Speed, as well as an appraisal of time losses, should be added to the finan 
should be remembered that the predominating reason 
2 safety record in the Holland Tunnel is the presence of ae 
officers ‘stationed at frequent intervals” enforce the regulations and 
prevent motorists: from crossing 4 lane to the other. Where 
restricted widths are required, it ‘may be necessary for the designing engi 
to arrange the State Police 1 to provide sufficient officers to 


enforce = rigidly, at all hours, with: ‘the safe established 


Carpenter states that of the dual type will not. prevent 
accidents. That may | be true, but ‘it will greatly reduce them. 


This condition i ‘is s entirely absent 0 on 

thus passing accidents: should be reduced to a’ percentage. 

Mr Lewis is to be congratulated on his able presentation the sub- 
ject as related ‘urban regions. ‘The discussion of th freeway is most 


C. 
in 
g in the middle, using smooth stabilized shoulders adjacent to and level ea ae 
pavement; and for widths greater than 30 ft, level shoulders with 
he landscaping between is indicated. — 
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number of officers are present to compel obedience. 
aad _ Thus far there are no available data to support the idea that safe = aoe 
: speed is a function of the safety island width or from which to deduce ii 
such Tecommendation ot the saie speed ior particular widths and it 1s 
trol. — 
ll be — 
the ‘causes many such accidents, because the passing car is often forced to 2 
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n connection with Fig. 8, the writer wishes to. inject of ca 


tion especting the ‘planting of trees adjacent to motor ways” _earryi ing 
ON high- speed traffic. He feels that no trees, other than email. (2 in. to 3 in 


in diameter) ornamental t ees, should be. planted within a line 50 ft from — 


the shoulder of the highway. The. car is not. forcibly” confined to. 

_ Many lives | have been sacrificed on trees, and, 

therefore, these not be planted within range of the destruc-_ 
tive effects of a motor ear. 


Colonel Crosby raises ‘the “interesting question as to the ‘of ‘the 
“blind spot” in re ‘Tear vision on safely entering the ‘main his 
the acceleration lane. There is ‘no reason \ why | manufacturers ‘cannot solve the 


‘blind spot” problem by the proper use 2 of rear vision or periscopes, 


resolves itself into a choice between evils. ge, 


right- -angle intersection is: dangerous because vehicles: to 


usually approach at higher rate of speed than practicable for a 


turn, thus causing the vehicle to “swing wide,” ai usually across ‘the first 
ane into the second. The entering car ‘usually appears ; without warn 


swings into the main road, effectively blocking both lanes, and, not 


having any great velocity. in the direction of ‘the main- -road traffic, speed 
‘differentials are great. |The only recourse of the motorist on the main road 


ae 
is swing out to the ‘shoulder, often the: condition occurs so 
quickly that he has the centering before 


In contrast, the places the entering: ear in full view of 


ac “motorist on the main road for a period of several seconds, thus giv- 


ing: him sufficient time to move over into the left-hand lane. There is. 
temptation for the entering car to crowd over the left- hand lane, 
nd the speed differential of the two "cars will not be great. The angle 


of approach is shown so small in Fig. 2 that cars on road will | 


begin to appear in present- -design ‘Tear- view mirrors before the entering car 4 


ne ry 
actually begins to encroach in the ‘right- hand lane. Access lanes coming 
in at more of an angle: than shown, will exclude rear- -view mirror vision 


nd, at the same time, any angle short of 90° will not provide visi- 
for the motorist looking | back through ‘the side window. 


The access condition shown in Fig. 2 is probably no ‘more hazard- 


ous than ordinary turnout for ‘Passing ; certainly it is less hazardous 


eaving and passing to ri ht and lef racticed on present multiple 


NOBLE ON THE MODERN EXPRESS HIGHWAY Discussions 
— opportune, and highway igest a if 
transportation efficiency of U. 8. Route 1 he 
rtinent, and particular attention is directed to his § 
a the reasonableness of barring access from ‘property th 
= STS ly assessed for the cost of highway improvements. The restric- wi 
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“fly-under” crossings. The c condition is. ‘llustrated in Fig. 5 as contrasted 


NOBLE ON THE MODERN EXPRESS WAT 


well: warranted criticism, but 
Mr. ruck lanes placed on the 


the high- speed lanes on the inside, in order eliminate the expense 


with the original suggestion ‘shown in Fi 
The philosophy of the paper is: that the highway 
“designed for basic operating safety. design ‘shown in 


A requires the passenger vehicle to ‘merge with the right- hand lane of truck 
~ 
traffic, | Pass across ‘the second lane, Teave the second 


with» the passenger vehicles. doubles the exposure 
particularly passing “across the truck lanes es. T The public is 


uite aware of the hazards entailed in maneuvering around trucks because 


> Access to inside “truck: lanes can be provided at. an average expense 
of $100000 even flat” country. . Because the existing system of high- 
ways will carry all short-t -haul traffic and act as feeders the express 
: routes, truck access need “not. ‘spaced intervals than 20 miles, 
such “fly- -under” (under or over) connections will only add appro: i- 


on 
mately $5 ger mile to the cost, which does not appear out 
tion when entire mile of express highways | considered. 


weral com commentators in to complete e Equation (1). is 
ifference of opinion among the > commentators, however, as the proper 


and snow, the low coefficient of tires on ice will govern ; in warm ¢ -climaten, 
centrifugal force on the driver will govern. ‘Because of the 


‘Tests™ indicate that s skidding on ice occurs at frlotion factors ranging 

0.05 to 0.1: 13. writer -side- skidded on a curve at 

factor of 0.04. 2% It is recommended, ‘therefore, that friction factor of 

f= = 0.08 be adopted for icy conditions up the limiting speed. that a 

ear, “can operate. on ice on a a tangent. Superelevating a curve for icy 

conditions, for speed greater: ‘than that a at ‘a vehicle can operate 

on ice on a tangent, is Where ice is not a problem, centrifu- 

gal foree the driver will govern. 

made by the discussers, but the writers tests confirm the “recommend 

namely, 0.10. _ The writer’ experience coincides 
yer and Mr. . Wiley, that | a certain amount of skill 


all drivers, is required to drive around curve at a a speed 


“2 intended to refute Colonel _ 
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izing foregoing _Tecommended values, 
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fe 3 in. per ft. It is recommended, therefore, that the transverse bank or slope be 
limited to 5%, provided, course, Tadii are expanded the proper 
‘amount based on the foregoing “assumption. illustrate, Fig. 


ehicle can be Driven on Ice on 
Straig 


aN 


in Miles per. 
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05 Feet per Foot of Width 
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8008 Feet per Foot ot 
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eurve is based on i y conditions governing only 
on the theory operation at 
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rile imum Speed at which RAR A Tones 
i | Vehicle can be Driven on | | 

| 
— | 
the speed-radius up on a : 
| than 60 4 


xctors varying (approximately) uniformly from a 


of 0. 10, 0.08. The intermediate curve shows the speed- 


relation the centrifugal force exactly balanced by the super- 
elevation. The lower curve, showing m minimum speeds at which it is comfort- 


operate for a limited “period on pavement on on a a tangent which is 


 erowned 2 in. in 10 ft. , and this amount of “unbalance” toward the inside . 


the curve is. sassumed as permissible. “Fig. 10(b) is s similar except 
that it te based on superelevation of 89%, which is approximately 1 in. 


this phase illuminati: ag 


slippage at speeds of 80 miles an more on 
sharper than 3 deg [r = 1910 ft] that the most skillful driver will ee 
& Mificalty in steering the car and holding it within a 10-ft traffic lane. oe ; 


Transition ‘Spirals. —The writer wishes at once to state tha 


for transition spirals” where “high speed is concerned, has been 
demonstrated by the There to be no 


radius tig factors. affecting length, then, reduce to the time 
interval requi red for the operator to turn the wheel and ‘the permissible 
rate of ‘rotation. No one has commented on the time i interval and it is 


hoped that e engineers will continue to study this problem. 
profession is indebted to Mr. ‘Haile for presenting h his a alysis. of 
principles of ‘rotation as. ‘related to transitions. Such 


are a step in the right. disection, and it” is suggested that 
j vestigation ‘be continued ‘to establish well: ll substantiated values for 


ngth, Lv, and ‘the that 0. a 
expression, 2. 


Be The writer is not so sure that railway- highway conditions are strictly 


as related to superelevation transitions. The wheel- -base of 


railway coaches is 80 ‘great, that a car will: twist if the rate of change 
superelevation is too rapid. The e wheel- flange striking ‘the outer rail 
also a a factor. Those conditions are not present in highway 
problem. He also wishes to question the general assumption that 
pirals are desirable. It is longer required 
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lane, d due to the “necessity 


singing Wn wheel « constantly developing different slippage 
es. It is suggested, , therefore, that additional | data be accumulated 


the purpose of establishing design: practice. 
Wortical Curves—It_ is disappointing no contribution was sub- 


mitted on the problem the influence of ‘the head- light beam on t 

4 lengths of vertical curves. Mr. Haile ‘states that the normal il length of the 
x head-light beam will not be affected if v vertical curves provide a sight 
eer distance at summits equal to ‘the distance required to stop the car. This 


__-becomes" reality if stopping distance is based on icy conditions. The 
general problem is divided into two parts, a at ‘sags and at summits. phe gy 
i se At sags, | the factors are, length of head-light beam, height of the lamp a 
above the “pavement, the _-vertical angle which the upper beam 1 makes 
with the horizontal axis of the lamp, and the algebraic difference of the h 
With known factors, a graphical solution is simple and 
be applied process of establishing profile grades. mathe- 
"matical solution is simple, | but it requires s solving simple e equations 3 for 
cases in order determine the limiting curve and is not as rapid, 
therefore, as the ¢ graphical | method. The vertical curves required | foe this 
eondition are not. particularly long, but some designers have to ‘Tevise 


their: ideas of vertical curve length: somewhat. All motorists are aware 


the experience at ‘sags of having» the head- ght beam cut off by the 
"eg 


ascending grade ahead, and seeing the light advancing up the pavement 


until: the car reaches a on the curve where t normal length of, 

summits, ‘the roun nd the down- 


curving: beyond this” tangent point darkness, the head- 
lights piercing only ‘space, giving the i impression of a black wall ahead 
or that the car is about to plunge into an abyss, A mathematical analysi 
involving the ‘differential calculus produces formulas (two cases), whicl 
_ yield startling figures. For instance, with an algebraic difference in the 
“grades of 8% _and a head- light beam of 400 ft, vertical curve 2 100° 
long ‘is indicated. vertical curve of more than 3.000 ft is required, 
sight ‘distance (during daylight), Of | 330 ft is desired, 
“illustrates the correctness of Mr. Haile’s observation. 
In. view of ‘the lack of corroborative | evidence, it is tests 


and observations will be conducted for the purpose of establishing practical 


; design procedure. Space does | not ‘permit, nor is it proper to present at thi 
ime, the devel pment of the formulas mentioned. = Mr. Haile states that 
passing would not permitted at the summits of two- “way highways. 
The writer knows of no “positive ‘method of "preventing: motorists from 
passing» on | summits, unless a police officer is stationed on every summit. ve 
Grades—Many ‘commentators question the value limiting maximum 
grades for the ‘purpose of providing» reasonable safety in descent on i icy 
‘pavements. — If traffic is so light that not | more than two or three cars are 


present in any ‘mile, safety i car and 


— a 
as 
— 
the 
has 
om 
— 
— 
— 0.0! 
— 
— 
of 
— 
— oof 
— 
— 
— ext 
= 
— "way 
te 
rel: 
— 
be 
— 
— 
— tha 
— 
— ula: 
— 
‘not 
] 
— 


“NOBLE ON “THE MODERN ‘EXPRESS ‘HIGHWAY 


car only will be involved in accident, ‘but where the traffic 
is heavy, with ¢ cars rs immediately adjacent to each other, a skid 


involves other cars, with the result “from two to seven cars become 
often with | disasterous results. For instance, the 


tion Department of the: Port of Ne Vew York Authority experiences ‘difficulty 


as soon as ice forms on the short 1% grade of the _New York ‘approach — 
to the: George Washington Bridge, in spite of the fact that cinders: are 
applied | almost immediately. It has also “been found “necessary to close 
the Pulaski Skyway on Route 25, New Jersey , at certain times when ice 
formed. maximum grades on this structure are are 3. 5 per cent 


Ice can form in a few minutes, and | a maintenance ¢ crew with many miles to 


cover will find it difficut to spread cinders promptly. Consideration should 
o be given to ice, which | varies from 


is true that, ‘if engineers are for an “easy way out,” 
of 8% and 10% grades will lessen their difficulties and shorten 


the time ‘required for the location. __ This attitude is is somewhat reminiscent 


of the early days of railway location. However, after the railways had 
passed from ‘the pioneering period and became engaged in the reconstruc- 


tion of their lines, the attitude disappeared. ‘There are cases on record 
of the location work taking a ‘considerably longer period of time to complete — 
than the actual ‘construction. Indeed, studies for some railway lines have 


extended over a period of ten years. Do highway engineers consider ‘rail- 
location important than highway location, when the direct 


relation and arades “upon vehicle safety 


=? 


routes is a very ‘important, matter, and all possibilities should be: 


gated in order” that the best obtainable ‘route individual] location 


‘be secure If ‘the physical conditions of trunk | route are such 

a nature as to require 8% grades, that should be sufficient cause for its 

Tejection, if it is in a climate subject ice a and | snow. 


a. Sight Distance. —Messrs. Barnett and Haile are quite correct in stati ng 
“that ‘minimum sight distance should ‘not be computed based on ft per 


per sec because of the high friction developed between tires and road 


“surface in order to decelerate cat that rate ‘This. point should be “4 


a deceleration of 12. 88 ft ‘per sec. ths superior to 
“the value given” in the: paper, its use “is recommended for climates 


subject to ice and snow; consequently, Fig. 4 ‘should be disregarded. 
Tn regions subject to ice formation, the low friction coefficient 
ould govern up © to the maximum “speed ed possible on such a surface. 
th “comparatively ong” distances resulting, | and 1 because the 


Seriousness of | an n accident from this cause (within the lengths, prescribed), 
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ia diagram may be criticized on ‘the | basis of showing distances , that are too sigh 
short to care ‘properly for conditions | in view of tests" which show assu 

coefficients on ice as low as 0.05. te the. 
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11.—DisTance REQUIRED TO BRING MOTOR Car EQUIPPED WITH 


question may asked whether thete ‘Teal afor 


“question: may be found well- steblished practice of other obst 
of engineering. A building, tr example, may “not have to withstand the som 


wind loads for which it is designed ‘more than once in 10 yr, or flood- && sor; 


-eontrol dams, levees, and ‘spillways may not be called upon to. withstand tim 
full” Bt nae height for which these works are designed, more than once in an 
ae 20 yr yr; - yet engineers feel it is sound policy to design for the maximum 2 
condition. Ih connection it may be ‘stated that highway engineers 


ry are more ‘flood conscious than accident conscious, as it is | quite 
usual to construct highways" above the highest re recorded flood evel. 
ae is to be noted from Fig. 11 that a speed of 60 miles s per hr under 
y nditions, requires “ig ‘greater stopping distance than a speed 
= 100 miles per hr, with dry and wet surfaces. For a speed of 60 miles 


per hr on ice, a distance of 1332 ft (1 ft) i is 
on level grade f for 
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distance on a curve (with central angle greater 1 
assuming that all obstructions are cleared for a distance of 40 from 


Ae 
have be adopted. Th other words, if s all trees, cut banks, oF other 
‘obstructions are uniformly 40 


cient radii to care for speeds of 100 miles per hr. 


ye Safety on Tangents. —There has been an implied assumption by some 
discussers that a tangent: should be considered as as a criterion of safety, 


merely because it is ‘straight. a Straightness alone does not assure safety. q 


The mere fact that there are 1 more miles of. tangent than eneete is not the 


only reason: that mo: more occur on tangents: on curves. There 
are ‘sound reasons for ‘these accidents. Paty Often a fairly 


is encountered after a series of sharp anole * — This is an invitation to the 
motorist to speed, and frequently other operating conditions not connected — 
with straightness are such that there is no "justification for. 


tangent with no. separation between opposing “traffic, narrow 
shoulders, ditches, heavy crown, steep grade, “and with ‘poles, trees, 


head walls, bridge walls, and guard rails near the pavement, i is surely more 
dangerous than a properly designed « curve. * Such a tangent, however, is in net 


direct contradiction to. the spirit of paper. analysis of accidents 


which can occur on a a tangent of this nature may be enumerated as follows: Bick. 4 is 
Head-on collision ; rear- end collision, with car ‘standing on the pavement ; 
side-swipe due to passing; forced off road” by passing car and 
in ditch ;_ car § sufficiently out of control due to soft ‘shoulder to collide with” 
tree, utility pole, guard fence, or other ob obstruction; car ‘skidding: with the 
aforementioned results; and a a blow-out or other mechanical failure, resulting = 
in all the foregoing types of accidents. wid 
‘separated “roadways, wide ‘smooth stabilized shoulders free of all 
obstructions, adequate, sight distance, smooth th profiles, and reasonable grades, 
some of these accidents would be eliminated entirely, and the 
seriousness of, a of accidents would be minimized. 
time, space, and “elbow room” ” would permit a vehicle to recove 4 
minor mishap in time to prevent disaster, 
oh is not contended that a properly designed curve of sufficient a dius, 

adequate superelevation, with well designed spirals, is more dangerous than > 
any other part of the ro road structure. The philosophy | of the paper is that 
hazards: should be removed from the highway whether ‘they occur on 
tangent, on a curve, ina tunnel, on a bridge, in urban regions, or in the 
Statistics. —Several_ presented detailed accident statistics and 
have deduced certain conclusions" therefrom. Statistics may prove mislead- 


unten thoroughly analyzed by a ompetent statistician. With no 
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to treat subject with iar, it be. 
pertinent, however, to point out certain of the more obvious” "pitfalls 
connected with traffie- accident ‘Statistics. analyzing” such records, the 
relative values that m must be assigned to certain figures should be borne 
clearly in ‘mind. | For instance, unless it is realized that less vehicle miles 
are operated at night ‘than during the day, the erroneous | conclusion might 
be reached that it is less hazardous to ‘motor at ‘night: than during» the day, 
it is noted in Table (f) that 58% of all accidents occur during 
daylight, whereas only” 42% -oceur during dusk a and darkness. To partic- 
A further, be realized that there less v vehicle miles 
ae operated during rain, fog, ice, and snow, that certain regions in the United 
_ States have little or no rain, certain sections have no ice, and, furthermore, 
that there are fewer hours of rain than dry weather, less hours of snow 
ets ice on the pavement, and still less’ hours” of actual snowfall and fos. 
_ As previously noted, there are more miles of tangent than curves. her 
the statistics are properly adjusted ‘to r represent the true 
on a basis « of comparison of | hours- mileage- volume, a clearer picture of 
eS the actual exposure to accident for given conditions will result. There i is 
Baga: doubt that it can be ‘shown that the exposure to. accident is increased 
rain, fog, snow, and ice, and these which should 
enter into the formula for safe highway design 
Capacity. —Mr. Diehl states correctly that: the Safe spacing of cars 
} should be the distance required to bring the vehicle to a stop (braking 
‘distance + lag distance). He further “states that because this, the 
capacity ofa highway is unduly ‘reduced at the higher speeds, This is true, 
but not to the extent which some investigators" have assumed, since their 
assumption does not coincide the driving habits of “most n motorists, 
in any recommending this dangerous practice, 
it must be realized that | operators usually keep — a distance back from the 
car ahead only sufficient care for the ‘space covered during: the lag 
period. motorist relies on n being able to ‘decelerate at the same ‘rate 
os as the car in front. If a lag period of 1.5 sec is assumed, this “distance 
ReSy | 5 approaches the braking distance at the lower speeds, but is only a fraction 
of the distance at the higher speeds. This becomes ‘if the 
‘stopping ‘distance is computed for icy conditions. 
Factors of Safety.- —A careful study of Figs. 10 and 11, the 
ate of safety for sight distances and curves is “either “zero or very low 
the design for the actual expected speed is based on these diagrams. 
As Professor Hawthorn states, “the driver's. control over his vehicle varies, 
other conditions being equal, with the square of the speed.” In a a rough 
sense, this relationishp can be used d as a measure of factors of safety. In 
other words, if Figs. 10 ‘and 11 are used in the sense that values’ derived 
therefrom Tepresent the ultimate ‘strength of a material, then established 
engineering practice requires that some factor of safety be applied. the 
“ultimate: strength” is. assumed 100 miles” per hr, then a factor of 
lf safety of 1, 5 is provided at a speed « of 80 miles per hr, 2 at 7 70 miles” per 
and somewhat seme _ 3 at 60 miles per hr. It should be remembered 
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at's of ultimate strength) of 3 is in 


for such a uniform and consistent material as structu al steel. 


realizing that, such a method | is not strictly scientific as to 


“then, 


for a speed of 60 ‘miles per curves, “guperelevation, and 
distance (except where icy conditions require greater values), should 
designed on the basis a speed of ‘miles per hr. This will give 
“a measure of safety in | a longitudinal direction. 
aq Safety in a lateral direction is less easily measured . It is disappointing es i= 
Fan the discussion did not contain any data and suggestions from which ~ ae 
a start could be made to appraise factors of safety in a lateral direction. 

For instance, if the “pavement flanked by smooth, stabilized shoulders 

of infinite width, with all obstructions removed, complete lateral safety 
would be provided for” types “out- of-control” skidding and. 
“driver-asleep” accidents. Conversely, if the shoulder were only 1 ft, 
the accident hazard would be greatly increased. Manifestly, it is 2 
impossible to provide shoulders of infinite w’ width, but there must be some 
measure of the “factor safety for any given speed- shoulder- width 

combination. This problem i is ‘simple, hes and, ‘ther efore, ‘presents 


this connection, _ certain 1ave assumed that once vehicle 


is out of cont of the highway designer ceases. If this a 
assumption were logical, then rd force of logic the conclusion would 
be reached that the op operator should always drive perfectly, in 
there would be no highway problem. Since it is physically impossible 
for the motorist: to drive perfectly, since e the results of an accident 
are the same from whatever cause, the designer does a ‘responsibility 
‘and , therefore, should make “reasonable allowance for ‘the case in which 
_ example, Mr. Lavis suggests, somnolence is a factor which 
Id be considered. one may ay be gi guilty of it, and 


between, fur 


the shoulder furnishes right. ‘The ‘slight additional 


ness of the shoulder will awaken most drowsy drivers, if, ‘given space 
time, the ca car can regain the ‘pavement without mishap. The same 
“conditions apply. to inattentive operators, gil Re 


‘The ste tatements of Messrs. Carpenter and Wiley should be emphasized, 
that” ‘minimum standard often standard, _and is used 


on In cost. 


‘matical ‘problems that he becomes “blind” to the essential issue of design 
ing basic. operating safety, and, consequently, unwittingly inserts 


unnecessary hazards to operation. Often it is no more expensive to mp 


safely, “but there are many times when safe design” requires courage > 
conviction on the part: of the designe fesso Al 
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service in emphasizing that under- -design is unprofessional. should 
be repeated that consistency in design | is the very soul of safe design, a 
highway should be "considered unit, and uniformity and 
- consistency should be a feature of. the results, whether the route be in the 
- Gity, in a tunnel, on a bridge, or in the open countryside, to the end that 
it efficiently and safely: serves its function as an element of transportation, 
Application to to Broad Freld- ——Mr. Carpenter is. acute and is quite correct 


in his assumption that the writer’ 3 ‘interest in safety also extends beyond | mal 
limits | of the express highway. covers the entire highway field, A 


farm roads and city streets, not only as related to den 
tion, but also to the removal of hazards from the existing system. th 
Design in this broad 1 field must be approached with new vision » and be 
‘enlightened standards must be e established, based on OF definite design & he. 
speed, to the end that operating safety is tl the basic philosophy. As stated ratl 


a. in the paper, the selection of the design speed for any r particular ¢ class of § ing 


te 2 road is one of the most important decisions connected with the design J um 
future possibilities of u use and traffic volume be determined pur 
accurately i in order that adequate right of way ; and proper alignment be & pro 


obtained. With such provisions, the initial al design speed for remote Toads ‘ide 
46 
may be set less than. the ultimate | as far as profile, graded width, type of int 


‘pavement, and details are concerned, if economy is ‘paramount. With such has 


procedure, speed standards “may be improved from time to ‘time ‘without yet 


appreciable of investment. If the speed standard is less than’ the 


‘Timit, ‘permissible rate of should posted at frequent inter- ‘nes 
is a to perform humanitarian ‘service ‘Per 
removal of hazards from the existing system of highways. The 
en magnitude of the task is apparent. when it is remembered that there are more 

than 3 000 000, ‘miles of rural roads in the ‘United States. There i ‘is crying 

need for a hazard survey to locate and classify hazards according to some 


rating; ‘program with: appropriations i in each State and each 
political -sub- division of each State the continued | and consistent 
removal of hazards. The removal of such death- traps is. quite certain 


yield greater dividends in in lives saved the complete “removal of all 
In order to provide a a criterion of operating safety, it is suggested that «sit 
the entire existing system be classified on the basis of allowable in 
speeds. Thus, fo for example, it may be established t a given section 
between towns, or other natural division points, may permit vehicles ag 
to operate safely at speed of, say, 35 miles per br, except for a fer om 
oe particular locations where the safe speed may drop to a lower figure, say, ™ 
for illustration, 20 miles per hr. re These places, then, are” of particular in 
hazard, and every effort | should be made to reconstruct them to the 35-mile st 
x os ‘standard at the earliest possible date. E Except as_ related to the elapsed op 
of travel, it is is inconsequential what t the safe speed may 


on he, the 

ay a per hr, or 60 miles ; per hr—as long as consistency is maintained. It is the 

unexpected hazard th ll continue t to take ‘the lives ‘man 
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tive on the existing system. The safe speed should 
a speed limit on all of a lower Standard ‘the 


limit, and a 


to new construction, particularly as related to the trunk ‘system. 

manifestly impossible to reconstruct all roads to ‘high-s speed standards. 
A program such as that outlined herein will do much to relieve the 
dent situation within a relatively short period, -eertainly before any 
of new construction can be completed. These roa ds will always” 
Expensive Highways not Necessarily Certain en engineers appear . 
rather complacent with respect to" present and past highway- -design think-— 
ing, and seem to feel that further mental and physical effort is not 01 only 
unnecessary but ‘somewhat puerile. In the interest of safety, and for that 
purpose only, it may prove e educational if a few instances of expensive if 
projects, which fall short of the philosophy of the ‘paper, are given. ‘Their 
identity is 1s unimportant since no reflection the designers i 1s or 
intended, and the illustrations are given ‘solely to ‘show that the engineer 
has not yet brought ‘thinking u up to date ‘as related to safety -he is 


express highway, several miles long, was constructed, which cost 
“nearly $5 000 000 per mile, without right- of- cost. It carries a daily 


traffic of approximately 000° passenger automobiles, , trucks 1 not being 

“permitted; yet it has center ramps, the are placed in the 

center safety island, and although the general posted ‘speed is 35 miles 

per hr, in several | places the e posted 20 miles: per hi hr, because 


3 


center ‘ramps, roadway h 


‘The economic this structure, to a great was 
on its ‘carrying a large volume “trucks. Present traffic is approximately 
3 000 vehicles daily. ‘During the first six months of operation the accident 


situation became so serious that: ‘trucks were structure 


structure i is a part ahi a project which cost an aver-— 
of more than $1 000 000 ‘per mile. The greater p part. of the route is of 
‘multiple- ‘lane type, four to six lanes wide, constructed at grade, in . the usual 
‘manner, except that all railway and important highway ¢ crossings are elim- 
inated by grade separation. When completed, it was considered an out- 
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niles Three-car and four-car accidents were common, and six-car and seven-car 
the accidents not arge mileage has 
been reconstruc lh an island sepa- 


sdeatl direction traffic, at an additional cost of approximately y $65 000 


smile, is reported that accidents have decreased where the roadways 
ty 


These projects designed by some of the most competent and alert 
iow engineers in the country, who were using the most modern and 
p-to-date design methods in vogue at the time. When it is considered 
that the work was performed within the past decade, swiftness with 
a which highway y design thought is developing becomes apparent. _— is also 
oN: apparent from the u unfortunate experience | noted that the public is awaken- 
4 ing to the situation, and ‘unless the engineer becomes alive to the problem, 
an he is quite likely to find himself in an uncomfortable position from which he _ 
not be able to extricate himself without loss of 
Conclusion. —There has been ‘assumption on the some 
commentators that the | highway ¢ engineer is 1 unduly restricted by laymen 
= in the form of | commissioners and politicians, . and, therefore, of necessity 2 


continue ‘to design “within the “money ” in ideas" 


present it that engineers uld rise to “occasion 
make an intelligent effort to bring” the true facts before, governing 
- bodies. . It is also true that the layman will only value the engineer and his 7 
judgment as highly as the engineer values and has confidence in his 
competence judgment. ‘There was” a a time ‘when engineers designed 
bridges “within the money” because they were brow-beaten into it against 
their better judgment. As series of failures convinced the governing bodies 
that they not know as ‘much about the forces of Nature as engineers 
Asa consequence, it is very rare. for a bridge to be badly under- designed 
day. The highway is is ‘failing to- day, but its failure is not as 
and obvious as a bridge failure. 


‘Tt has writer’s” observation _ that. governing _ authorities 


are convinced hazards “involved it in disregarding ‘it: but when the 


"engineers are uncertain and not ‘agreement ‘among themselves as 
the proper method of solving a given problem, the governing bodies: must not 
be blamed too much they take a financially. conservative, as well 


Consequently, it ‘is of the ‘utmost importance for engineers to bring 
their ideas more harmony each other, and having achieved soli- a 
z arity, to go forth and spread the g gospel of highway safety in relation to 
design. - In the last analysis the engineer will be held responsible by the 
public for safe highway design. The writer reiterates his ‘conviction that 
must have vision and courage. 
~The paper has been broadened and enriched the ‘discussion, and, 
it is desired to express» again appreciation to all the discussers 
‘so generously gave their time and effort to the subject. 4 
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OF MATERIALS FOR: -ROLLED-FILL 
EARTH | DAMS 
 Dise 
A.M, AM, SoC. C 
“ela By L. F. HARZA, M. Am. Soc 
Harza,” M. AM. ‘Soc. C.E E. (by letter) Much is due the 
author for ‘erystallizing the tedl technique of selecting ideal material for the im- 
zs pervious part of an earth dam in so far as this: can be done by mechanical 
analysis. The ‘paper is excellent with reference to the one problem of ideal a 
grading of the i impervious region, without relation to the remainder of the 
dam ‘its foundation nor “abutments, ‘upon ‘the assumption that such 
‘ideal grading» is consistent with ¢ other attendant facts and conditions. 
In a practical application,. the ideal material is available in the 
immediate vicinity. Usually, | a. large part, if not all, the dam must 
be built of less ideal materials in order “that, ‘reasons “economy, 
may be obtained from necessary excavations or near- -by sources. 
me 
vould rarely find a foundation upon which to build | that would | conform 
o the ideal grading and degree of con mpa ction called for by the author 
may ‘contended tha _ word, “stability,” in _ the: 
sense in which it is used | applied a given material, is an entirely 
different word from “stability” when applied the dam a whole, 
which is almost synonomous with “safety”; and ‘the two uses of the word 
ray have little in common. — | The unstable c core of a hydraulic fill is made 
with to the dam as a hole by ‘sufficiently heavy and fre 
ining slopes. ‘The ‘same principle can be applied to a ‘rolled ‘fill: to 
rotect = stream slope by rapid ‘the _Teser- 
voir level. 


much “consequent | increase in cost 


fs 


_ Nore.—The paper by Charles H. Lee, M. Am. Soc. C. E., was published in September, 
1936, Proceedings. Discussion on this paper has appeared in Proceedings, as follows: 
December, 1936, by Messrs. T. T. Knappen, and Paul Bauman; January, 1937, by Messrs. 
William C. Hill, A. Floris, and Fred D. Pyle; February, 1937, by Messrs. Joel B. Cox. es 
Stanley Dore, John E. Field, William P. Creager, and Joseph Jacobs; March, 
by Messrs. C. H. Kadie, Jr., and Ralph Bennett ; and — 1987, by ‘Ralph R. 

Cons. Engr. and Pres., (Harza Eng. | 0.), Chicago, 4 


Received the Secretary March 25, 1087. 
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HARZA ON ROLLED- Discussions 


dam, the foundation and abutment corditions, and the value of water, 
is quite natural that the author’s” insistence upon tightness: should be q 


emphasized in California where water conservation is of such importance, 
ee and ‘because soluble ‘elements are common in soils” of arid regions; but a q 
a vast number of flood- control dams are likely to be built in the East where | ; 
tightness beyond the 1 requirements of safety may have no importance 
whatever. Obviously, it would be unnecessary to struggle for high im- 
permeability, for example, of mere retarding dams for flood- control pur- 
‘poses, such as those of the Miami Conservancy District. Dams high 
permeability m may be just as and stable as very tight If 
the materials ¢ of different character are disposed in proper relation « so that 
become progressively “more permeable (and amply so) toward the toe; 
ae) if each material will not filter through the next material in n succes- 
ao 3 if the materials are not soluble; am and (d) ‘if ample natural: drainage 
is provided o on the filter prineiple to insure the of leakage without 
of material. Each material, of course, should be com- 
acted as much as its character permits. 
sould be ‘superfluous to. struggle for the ideal grading: tightness 
dam if the foundation itself were subject to leakage, ‘dwarfing that 3 
the da This is the usual ‘ease with reference to dams in the Southern 
of Michigan, some of which rest on as_ much as 1500 ft 


porous sand and gravel, depend for stability ‘upon proper “drainage. 


The art or science of draining engineering structures, especially dams, 
such importance as to deserve recognition’ as almost a distinct field 


a Ee The logical design of a dam and the selection of materials, even for 
‘the impervious part, is. inseparable from its foundation and abutment 


Seepage is dangerous only to the extent that it is not properly handled. 


ne water conservation, and the purpose and location of the ‘tam, Te is 
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ECONOMIC DIAMETER OF STEEL PENSTOCKS 


Discussion 


By MEssrs. JOSEPH D. LEwIN, F. KNAPP, AND RALPH 


losses, etc., the analysis paper is a very 
interesting on one. In the form in which the authors have presented their 
a analysis. its application i is to uniform (that is, horizontal) pen- 
A few changes in the interpretation of the present analysis 
eo extend its application to all horizontal and inclined penstocks. 
riction Loss « -Penstock—In 1914, Professor 


: in which er = the efficiency of the | turbines, i in decimals ; ee = = the efficiency © ¥ 


the generators, decima Is; = the “efficiency of the joints, 
in decimals ; = allowable stress, in kilograms per ‘Square centimeter; 


ihe = the value of the p power at the generators, in marks per kilowatt-hour; i 
of use; = the specific weight of steel (= = 9); = = the 
friction ‘coefficient in ‘the Chezy formula; a = = the annual cost of a ton of . 


steel, in marks” per ton; = equivalent discharge, in cubic meters per 


second. Converted into the units of this ‘Paper, r, Equation becomes 


NOTE.—The paper by the late Charles Voetsch, M. m. Soc. C. E., and M. H. Fresen, “ae 
M. Am. Soc. C. E., was published in November, 1936, Proceedings. " Discussion 
on the paper has appeared in Proceedtngs, as follows: March, 1937, by Messrs. 

_ Monroe, William E. Rudolph, and Peter Bier ; and April, 1937, by Adolph o Santos, ‘Ir. nie 
Hydr. Designer, Phenix Eng. Corp., New York, N. 

Received by the Secretary March 11, 19387. 
*“Die Wirtschaftliche Bemessung von Triebwasserleitungen” von A. 
scrift fiir das gesammte Turbinenwesen, ey No. 18; also “Wasserkraftanlagen”, 
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ficient aie due to the use of different equations for determining the friction 


“The authors used the Equation 


Chezy formula 


or turbulent with rough walls, the exponent, 2, 


or the penstock u nder consideration economic Joca- 


tion, ‘elevation, transportation, etc., ‘determine the first radical in Equation 
and the corresponding quantity in Equation (11), so that. they become 
which may be. respectively, by the symbols, K’, and Ky. 


300° ft, and for” the economic, 


= 1.26557 


> the economic inside | diameter, meters. The solution of 
is greatly facilitated by the preparation of nomogram 


such as Fig. . 2. Equation (11) may ‘seem very complicated, and it ° will be 
quite ‘difficult to obtain correct data for the value, of the power and costs 
the -penstock. ‘The: value of or K’, however, remains nearly unchanged. 


the steel costs, a, are greater, the price of power will increase > accordingly ; 


j Tee if the load factor, F, is small (peak 1 power» plant), the | price of the aa 


“penstocks. all cases with» ‘pressures than 300 ft (100 Dr. 

_ Bundschu” advises heads of 300 ft. Using ‘the values, given in the paper & 
the heading, “ ‘Use of prevailing i in the United States, 


accordingly. In F are two. scales” diameters, the 
left. for the European “conditions Equation (47)), and the right for 

In the computation 
prefers to use “the 


a 


“Wirtschaflicher Entwurf von Turbinenrohrileitungen” von Bundschu, 


aK 


— 
— 
— 
— 
| 
— 
or 
— 
u 
% 
— 
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2 
PENSTOCKS 


ay 


ed on Manning’s Formu 


8.00 a 


6.00 


in Meters (Equation 47) (Bas 


Scob 


00 


49 (Based 


tion 


82323888 8 8888885 
vf 


4 


090 


Height, #H, 


& 


0 owest Limit to 


Ay’ 


= 


Values of 


~ 


a 
a 
c 
3 
a 
4 
a 
2 
a 
= 
2 
a 
Q 
= 
2 
a 
= 
2 
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instead of the authors’ 0 for the purpose of 
values ‘given in Table 3, with f = 0.25, a ‘scale corresponding to, 


= = 1.38823 (035 = 1.13555 Ve 

The scales for (48) and (49) 
differ by the difference i in constant. Table 5 demonstrates how 


the computed values coincide with those found 


Equa- | per- | per. | Equa-| By | In 

Fig. | feet | cent- second tion Fig. 2 | feet 


(a) Avwrace Heap, H, Equats 100 Fexr (b) _ AVERAGE Heap, H, Equats 400 Freer 


1) 400] 7.40 7.385 | 0.054 0.68 || 400 6.03 | 6.02 | 0.01 | 0.166 
| 2000) 14.49] 14.41] 0.08} 0.555 15 | 2 000 11.85 | 11.90 | 0:05 | 0.42 

| 5000} 21.30] 21.20] 0.10] 0.47 000 17.42 | 17.40 | 0.02 115 


rig 
i 


“Fig. will the dimensions ay penstock under normal 


ree 


conditions in Europe, « in the e United States, respectively. 
Should the location of the penstock under consideration cause changes 


in Equations (47) or (48) new scale. of diameter can be found very 
ats SAN easily, in 25 to 30 min, as fg ows: Substitute e the new data in Equation F 
in Equation (44), “depending on whether the Scobey or the 
‘Manning formula is preferred. The solution will have the form of Equa- 


Next, applying (50), find the discharges for values of D = 01, 


1.0, and 10.0; and i = 106, 1 000, and 10000. - ‘The lines connecting the 
corresponding points, H and Q, in the nomogram will intersect in D = 0 
1. 0, and 10.0. ‘This gives the place of the new D-scales and the size of i ci 
unit. The method thus” "described has the advantage every | 
is found | by intersecting three lines, and thus a double check is ‘possible. — 4] 
Losses Other Than Those Due to Friction. —The authors limit. their 
analysis to penstocks of uniform diameter, or to a horizontal penstock only. 
an) oo Considering ‘Equation (46) for a constant discharge, Q, the diameters at any 


3 


similarly, 


= 


| 
— 
— 
— 
‘No. | bic feet 
= 
| i 
he 
are 
F 
— 
q 
q 
(or K Vi 


poten two diameters at the elevations ‘be as: 


are 
by Equation (52) a after one diameter, ‘De, has been compated. 


A onsequently, Equations s (27) and ¢ of the paper» can be used 
applying the limitations fixed by the authors. ‘This general application 


bend-loss formulas is the new idea introduced the authors in 


to 


| 


+ 

For any inclined p ‘part the annual cost of friction loss will be: : 


ike 


. 
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a penstock consisting of the three » sections shown in Fig. 3, the ee 

nnual ei of the — geet ook will be the sum of a series of formulas 
similar to Equations | (55) and (56), 


q 


= Ey, + Ey, + En + En 
+ + E,+ E,...... (57 
“The economic diameter is determined 
the first differentiation of Equa-— 
} ome. LAyoutT THE Hy = H, L,; 


in ‘Equation (58) and solving for 


whic 


h ‘corresponds to. Equation (24) and can be solved in a similar manner 


are 


compute ‘the root ‘from 6.9 to 6.0. Be 
that the limits | of the | > error may be judged. 


foregoing development of ‘the basic formula, ‘Equation (27), extends 
its to all in which H is greater than 300 


97 
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Discussion of F 


authors’ computation different loss- in Fig. 
very interesting. “J It shows that for the usual values | of load factor, = 
P= 4 to F = 08, the loss factor ranges from | f= 0. to f 0.235, 
from: f= es 54 to f = 0.685, the curves, EF and C, 
as limits; or from f f= = 05, and from 


by 10% 


(Multiply by 1 


108 


| 


(Multiply by 
(Multiply 


et 


of Q 


of 


Values 


Fic, 4. —Computation OF EQUIVALENT ‘Discu ARGES 
= 08, limits. 


- example, the error in 


Prod 


j 
— 
= 
7% 
— 
= 
aq 
—| 
a) 
Ess — 
— 
ite 
or 
ds 
= 
4 
— 
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and ; and in Curves 


or any limiting ve values for the exact computation 


as a 
‘pen: tocks. Every region or r district has its _own cl characteristics which 
; 


must be considered in each case separately. This can ‘be determined, 
ectly and quickly, ‘in the following manner. 


A load- duration curve is usually computed any case. For different 
shown in Fig. 4 


: points « on such a curve compute the values of Q? and Q, as 
The second and roots, of in 


“computa eliminates. any inexactness taken 


Limitation of Discussion.—It_ should be n that “this discussion 
limited to penstocks, in which the water Bressure is great enough, because 

‘Equation: (6) is correct only if the: pressure in the top and in the bottom 
For penstocks 


of ring can ‘be assumed to be equal Fig. 5(a)). 
< 200 ft), “the ring formula cannot 


| for fore, Item No. 2, in Table 3, has 
been ‘computed incorrectly. 
is also true in the case of f Item No. 3. 


; 


resse! ses due to. of the Py 


supports must be 
‘Equations (6), 


(23d), (27), (28), (80), and (33) 


must be changed : accordingly. 
valid 


RE 


Validity of ‘tinclion (6).— —In the present analysis Equation (6) is’ 
ameter 


pipes in —_ the ‘relation of the thickness of steel to the di s 


only for 
is very small, In all other cases uations must be 
accor ingly. Professor Ludin proposes using the outside diameter instead 
of t the ‘inside diameter in Equations (44). 
Other Limiting Factors. — Finally, the diameter 
fact that, in cases of large discharges, ‘two or more _penstock lines are ae 


T 


— 
— 
— 
‘Be 
lameter of the p simple 5 
— tation of the economica 
computation of from 
— 
— 
— 
H 
Be 
2 
= 
—) pipes. Diameters of 21.30 ft and 17.49 ft (Items Nos. 3 and 6, a 


great heights (H > 300 ft), 


analysis” suggested in this 


and ex = 6000 eu ft per sec, = 26. 6.60 ‘words, a 
20% in the rate of flow, changes” ‘the diameter 1. 6 per cent. 


large Furthermore, ‘the factors Doren under 


the heading, “Limitation of Discussion, ” should be considered as well 


‘Thus, the values given in Items Nos. 3 prod 6, Table 3, should be considered 


as being ‘not exactly correct. The present analysis, therefore, i is limited to 


penstocks: of small and ‘medium diameters (not greater than 12.0 ft), , and 
seems: to very “questionable whether the diameters of 
situated immediately down stream from the dam can ‘be found by the 
- 
paper. Furthermore, the construction of a 


= 
nomogram has two advantages: (1) It permits finding the heads 


given and g given diameters, for the standard sizes; and 


“Soe. E, and ‘Mr. D. C. Williams, Ohio Site 


Esq. (by letter). is a ‘ail known fact that, in most 

ases, penstocks for high- head plants have diameters decreasing toward the 

The authors do not state range of applicability 


power house. 
their own formula, nor do— they mention the limit of application of the 


usual “orthodox de design varying diameters, 
The analysis" submitted by the ina -pemstock "with 
a constant is applicable: as as: (1) ost of 


top section of. ‘the not require ea minimum thick- 


ness, 8 OF virtue of 


of shell (using the becomes : 


‘assume that the pipe forms a cone with the sma 


the summit. Using the symbol, to denote average “diameter, 


Licensed Engr., Sio Paulo, Brazil, 
2a the Secretary March 20, 1937 


EEL PENSTOOKS — 
q ‘Fig. Memon ageous in actual ‘operation, 
large discharges, the values 
— 
— 
— — 
a3 
— 
ie ce all the calculations in ordi — 
— 
‘fess 
— 
if — 
| 


» ~ 


‘not appe ear r i (65) ail this. means” that: the k 
ney in the two cases “(constant "diameter and “decreasing diameter) is, 

the weight pipe, according to Equation (64), 


ng 
the authors? formula. However, in eases where the thick-— 


ness of the top s section of the penstock is not determined by stress con- 

- ditions, or when a special type of pipe is used in the bottom section an 4 
forged. or banded pipe) which» has the effect of ‘increasing unit cost 

sharp rply, then the diameters of the penstock, to be the most. economical 4 


Certain high- head penstocks designed the basis of a accidental 
surge” conditions. In such cases, the determination of the design | head, 


hammer, needs" to include the influence of of 


paper on high- head penstock presented in 1933 contains 
proposal to increase the diameters toward the power "house," in order to 
avoid the “considerably increased st surge in the positive period 
which is ‘sometimes as great as 200% of the primary surge, due to reflec. 
tions at changes of diameters and thicknesses. This proposal, fortunately, 
has not been adopted, as ‘it is s based on an incomplete study. For 
stocks with decreasing diameters and which are designed to take extrem 
“surge conditions into acc account, the writer shown that the 
imes” of the Various diameter sections "should exactly equal and, 
urthermore, that the at transmission-factors” the surge 


nearly These two (actually. incorporated in the 


of. the influence of “have the 
reducing the absolute maximum surge to values” 


nly slightly greater than, the primary surge. 


+ “High Head Penstock Design,” by A. W. ‘K. Billings. M. Am. Soe. C. E., O. Ss 
Dodkin, F. Knapp, and A. Santos, Jr.. Assoc. M. Am. Soc. C. E., Mes oe on Water- 
Hammer,” Hydraulic A. ‘S. M.E., Power Division, Am. Soc. 

31 Loc. cit., p. 44. 


% “Simple Graphical Solution for Pressure Rise in Pipes and Pur ‘Discharge Lines,” 


W. Angus, Proceedings, The Eng. Inst. of Canada, 1935, ‘Vol. 1 7 discussion 


— 0.434 X 12 _ constant (64 
— r cubic foot (= 490). 
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— = 
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tions, becomes: almost: impossible: to determine the best diameters 


analytic ‘methods. For ‘penstocks, the writer developed 


use of “cut and dry” methods, 
"permits investigating ors with | 
"assumption to ‘a situation in which funds investment i 
the: “project are. limited only by the “necessity 0 of making 
tractive possible. an eco onomic “point of view, would 


_Soniable to go beyond the | ‘point of minimum total yearly cost to a point 


vided the return each invested will ‘or exceed fixed 


it ‘becomes necessary to base ‘the analysis” on “capacity” and according to 


‘the prevailing conditions, both output and ‘capacity must be taken into 


os It appears: from the foregoing that too much refinement ‘of analyt tical 
methods is not warranted, and that all such ‘computations should be used, 
mbined with h sound judgment, to arrive at the 
W. LL,” M. An. Sev. CE. (by _letter).™ 
q opsis” the uthors state that their formulas differ” from those 


"published in three particulars. The writer believes that: Items (b) and 


4. onstitute rth while improvements, although in the > case of Item (o) 
it may noted that: where a hydro- slecizio plant is operated low load 
so ‘that the fb, fairly constant after all. 
However the authors’ form would b be > useful i if it were ‘e adapted (as it ; easily 
uld be) to the case of the economic diameter of a pipe through whic 
water r is. to be pumped. the use were not continuous, the economic 


‘diameter would certainly be somewhat less than for ‘continuous operation — 


HL Doolittle,* M. Am. 0. E. aS well Willia 
and Joel D. ‘Justin, Members, Am. “Soc. E. (who ‘were by the 
authors), brought the 1 load factor into the problem. Mr. 
clearly that the annual: cost of the lost will vary as the 
the cubes of the various flows; 
curve: obtained by cubing the ‘ordinates of ‘devetion 


that: f is the ‘cube root of the ratio of the average ordinate of ‘the latter 


curve to its maximum ordinate. “seems that this is the only satisfactory 


way to obtain the value, f, and that it cannot be from F 


— 
— 
| 
— 
‘ 
— 

— 
— 
— — 
— — 
— 
4 
a 
— 
— 
= 
— 


duration curves, all same power factor, a 
will yield quite different values of f. i instance, » Sl suppose a 


straight line varying from maximum to ‘zero, a curve. the ordinates 


of which v: vary as one plus the cosine of an angle from 0 to 180 degrees. 2 
Both give 500, but the first 0.250 and the ‘second, q 


done, f = = 0. ‘and. 0.184 respectively. . Thes "These “correspond ‘Curves 


now the of Item (a), the writer 


on the Williams ‘pipe friction. This gave an 

0.146 which is equivalent to ‘the 6.85 root Equation (11) as com-— 
yared to 6.9 given by the authors, and 7 by the simpler theory now ‘pro- 

posed. ‘This was before Mr. Scobey published his formula. Four or five 


‘years: later, the writer “would “undoubtedly have followed Mr. Scobey, 


_ the authors have | done; but in the last few years” additional light has been _ 

‘frictional losses at high Reynolds’ numbers by J. ‘Nikuradse," 
or, Ju un. Am. Soc. H. Schlichting,” " and others. 

data" have “been summarized in English by Mr. Streeter and Hunter 


Rouse, Assoc. M. Am. Soe. EP Fig. 2 in Mr. Streeter’ 
‘Fig. 10 in that: of Mr. Rouse, give Nikuradse’s results. The lowest curve, 


epresenting a roughness of ‘the of the pipe, “would 


be. ‘suitable for most steel penstocks. any rate plotting ‘Weisbach’s 
m Mr. Scobey’s original data against the Reynolds’ number, it seems 
wid this" curve as well as with his own equation. Attention is 


especially called to Runs 65, 66 and 312 of his p: paper* which show a ‘definite. 
tendency of Weisbach’s f to increase in the region at a Reynolds’ number 7 


f approximately 1.000 000, just as it does in -Nikuradse’s lower curve. (Of 
course, various types riveting, age of pipe, » will give | series: 


curves, some lower and some with minimum points at some- 
what different numbers.) 


te wens locity to give he friction 


4 “Wconomic Diameter of Pipe Lines”, Engineering Howe: Record, 


in rauhen Rohren”, von 3 Nikuradse, ‘Verein Deutsch 
Transactions, Am. Soc. C. E., Vol. 101 (1986), pp. 681-713. 
Ingenieur-Archiv, Band VII, Heft 1, 1936. 
“Modern Conceptions of the Mechanics Fluid” Turbulence”, 
ceedings, Am. Soc. C. H., January, 1936, pp. 21-63. 
4“The Flow of Water in Riveted Steel and Analogous Pipes”, by 


by Fred C. “Scobey, 
M Am Soc. C. E., Technical N 150, 8. Dept. Agriculture, January, 1930. 
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ia - economic design, and whether it would not be better to assume that fric- a > 
tion losses vary as the square of the velocity. This statement represents } 
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typical large steel pipe would 1.75 for Reynolds’ numbers 
etween about 4000 and. 50 it would increase to 300 at. 


high heads where ‘the necessary varies as the ‘product 
of the head and diameter; and Equations (32) a and (33) to = 
equally important case of low head in which the thickness of the shell Be 
independent of both the head and the diameter. The writer | must confess 
a never studied thoroughly the d design of large pipe lines,” but 
raises the question as to whether there is not a third case to be con-— 
4 Sdered—that in which the ‘maximum ‘shear in’ the Pipe shell, 


writer does ‘not wish ‘then remarks to be taken as adverse criticism 
the paper as a whole, because he considers it a valuable | piece of. 
a careful ul and thorough 1 manner. . He is ‘particularly sorry 


$a) 
cannot participate in the discussion of the points herein 28 


raised ye years ago he had the privilege of working for some weeks 


in same room as Mr. _Voetsch and under his immediate supervision. 
young engineer could for ‘a more kindly chief, or one with wider 


J %® “Design of Large Pipe Lines”, by Herman Schorer, Assoc. M. Am. Soc. C. E., 
 $rencections, Am. Soc. C. E., Vol. 98 (1933), pp. 101-191; and “Line Load Action on ‘e 
Thin Cylindrical Shells”, by Trensactions, Am. Soe +» Vol. 101 


Mr. Voetsch died on February 1985. 


7 j 
4 remain constant for higher vs eae 
— the Reynolds’ numbers usuall ould seem, therefore, that 
good a value to use as meountered in a penstock, 2 would be 
seventh root, Equations (32) and (33) to the sixth quation (11) to the 
simplify the intermediate equations. e sixth root, and would greatly 
= 
| 


OF VIL ENGINEERS 
_ Founded “1852 


CONSTRUCTION AND ‘TESTING 
‘HYDRAULIC MODELS 


ND T. 7 


Ww. J 

‘increasing use of model oud and the corre ponding increase in difficulties 


of construction | and operation of models, this paper is extremely ‘helpful in 


presentation of the author’s experiences in conducting the studies 
mnection with the Muskingum Water- Shed Project. 
It is doubtful whether the troubles that are encountered with pie- 
dian can be over-emphasized. The authors s state that, of all measure 
taken, the Piezometer readings were the most ‘difficult unsatis- 
This is gener rally ‘true in almost: every study of t 1e type dis- 
where much use is is of piezometer readings.” The general 4 
"difficulty encountered is in "fluctuations in the manometer tubes, caused 


by - entrained air. To. care for this factor, it is - frequen atly possible to install 


(by letter).* th 


bleeder valves at certain points” in the line to permit correction 


= 


also” to flush the lead 


Ai 
e several arrangements for. dampening these in an effort 


| an average reading. One method i is 


to choke the line, either 


€ 


using a clamp or ‘reduction in size of the line. Another method is 


in by 9 in. 


in. 


line. 


by 15 in, 


However, any method for deepening’ to obtain 


an 


_ Nore.—The paper by George E. Barnes, M. Am. Soc. c. E., and J. G. Jobes, Jun. 


he line 


“method has” been by the to be ‘to choking 


Soc. C. E., was published in December, 1936, Proceedings. This discussion is printed in 
Proceedings in order that the views may 


* Junior Engr., U. Ss. “Waterways Experiment Station, Vicksburg, Miss. 
a Received by the Secretary March 11, 1937. 


membe rs for 


> Correction for Transactions: 


In December, 


1986, Proceedings, 


‘heading, “Piezometer Readings” piezometer orifice with %%4-in. 


hole and 7,-in. 


of rounding is recommended for standard practice by C. 
smaller pipe sizes he suggests a %-in. hole with -in. 
by model tunnels about 4 in. 


M. Allen, M. Am. Soc. C. E. For. 
radius.> The latter was 
to 8 in. in diameter.” 
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ARDS ON MU KINGUM WATER- HED PRO 


j 


ED’ ‘Tux. A. Soo C. E. (by letter)."— 
hydraulic investigations utili 


equipment and the features of the ineidental to 
more detailed presentation test results. In this “paper, ‘the 

opposite is true. objectives are reached by yy this change: First, 


other research workers, many hints on model” construction and operation 


given; and, second, the ‘designers who put into practical use 
esults: of tests, of the problems s to be e met and some of the limita-— 


ions to be expected in model studies are presented, "thos promoting better — 
inderstanding between the research and the design groups. 
It is peoponed herein to add a few remarks on the economics 
investigations, to elaborate somewhat ‘upon the operation ‘difficulties. 
by the authors, and to dis discuss the relation between the capacity of the 


prototype and model as mentioned in the paper. 
Economics of. Model Investigations — —The | cost of a model nvestigation 


2 


difficult to determine in advance. (As emphasized by ‘the. authors, caution 


should be used in ay aring the costs. of different mo dels. The | construe: 
cost for some type 


of models is relatively large whereas the operation — 4 


cost of others is is the item. ‘cost of construction of the first 
test _set- up and of the operation the first series of proposed tests may 


be ‘estimated readily, ‘but the e results of th the first few ‘tests may change 


the nature the entire f future program. Before ‘completion of 


3 study, it is often - necessary to » develop new instruments to obtain the results 


Place an extensive Program (as were the Muskingum 


tos 
act “that model 4 either by indicating 


inadequate designs, by directly” ‘reducing costs, 


‘Savings created “by the elimination of unsafe (designs are indirect and 
often: cannot be evaluated accurately. However, 


reductions in construction to 
created entirely” by y model investigations. 


An example of a model study which climinated an | unsafe design and, at the re 
same time, reduced 


the stilling- basin for ‘the which was completed at the U. Ss. 
W aterways Experiment Station, at Vicksburg, Miss. This study. “exposed 


dngr., U. S. Engr. Office, 24 New Dist., New 
Received by the Secretary, April 5,198% 


8 “Hydraulic Laboratory Projects of the Corps of Engineers, U. 


Falkner, Jun. Am. Soe. C. E., Transactions, A. Ss. M. ‘iE, Vol. 58, No 


tae ild be investi- ¥ 
gated carefully to determine the time required for equi ibrium to 
reached. because inconsistencies in results can quite often traced to | 
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tests 4 for the Muskingum Water- Shed a Project ar are nak known to the writer, but 


general statement made by the a authors, that ‘ the ‘model studie: 


resulted usually in reducing the length or width of ‘the basins, | or both, a 


indicates that the money saved made ‘the cost of the investigation appear 
insignificant. There many other examples of great economies resulting 


ation Difficulties. —Operatior n difficulties place “definite limitations 
upon model studies. | The recognition of these limitations is essential to 


proper analysis. of the: test ‘results. authors state that piezometer 
readings are the “most difficult to obtain accurately. course, the impor- 


tance of ‘the various ‘measurements depends upon the particular problem 


being studied, but the writer” believes” that, ordinarily, velocity n measure- 
in the type of model _ dealt with in the paper are the most am 
unsatisfactory. . Pitot tubes, Bentzel tubes, ‘and current “meters” 
shortcomings particularly in exceptionally turbulent flow 
"similar to that encountered in a stilling- basin. _ Sometimes it is possible 
- relative values, but in some cases it is practically impossible to 
obtain velocity measurements that have any value whatever . New instru-_ 
ments based on different principles are needed for these m measurements. 
Entrained air, referred to in the paper, is not only a factor in sale 
conversions, but often becomes a cource of trouble in pizeometer and Pitot 
tube connections. These” connections, from orifice opening to manometer, 
hould as short as possible. In addition avoiding ‘sharp bends, 
hey should slope upward ‘throughout their length to eliminate ‘sags where 
~ 
ir "often becomes entrapped. “Mechanical devices for drawing the air out 


acity of ‘Protots Model. me nention 
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on because the corresponding may be considerably 
the location of the hydraulic jump affected accordingly. For 

2, consider a _model that has too great a value for . For normal 
Under 
reumsta agg w ter elevation in the model corresponding to the 
1 d cause ‘the hydraulic jump to form 


m px to roper of the action when 
the head- -water elevation, conduit discharge, -tail-water elevation 


mately $625 000 less than the original design. The cost of the model 
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KNAPPEN ON MUSKINGU WATER-S 
"solution “for the problem arising th inability to 


"friction factor below : a certain limit is to use a model that is large enough ee 


solution, which ‘would eliminate the conduit: section pro- 


problem. 

for 

the Muskingum project, to by the as the “Official: Plan ” Ve 
was ' prepared by the U. S. Engineer Office, at Zanesville, Ohio, in Co- o-opera- ide 
tion with the Muskingum ‘Watershed ‘was com- 
‘pleted about August, 1934. This project then was constructed by S. 
Engineer Department under the ‘operative agreement between 

Muskingum Watershed Conservancy District and the v.. "Engineers, 
representing the Public Works Administration. Since the work was t 
be 0 constructed with P.W.A. funds and since the law at ‘that time ‘required 

that all funds be obligated by July 1, 1935, the Designing Staff was faced 

; with the problem of completing ‘the plans and ‘specifications for the entire = 
project by the following ‘May, in order to allow a sufficient period for 


advertising | the work and awarding the contracts. In analyzing the design, 


it was apparent that numerous ‘difficult | hydraulic problems would develop 
and that the time for their solution would be limited. Negotiations were 


started, therefore, , early 


an arrangement for testing the proposed hydraulic ‘designs ina suitably 

equipped» hydraulic laboratory. agreement finally made with 
Professor Barnes to have ‘this work done at the Case School of Applied 

i Science, in Cleveland, Ohio, and Mr. J obes was assigned as:t representative 


the summer o of 1934 with ‘the object of devising 


: experiments and to serve as a | “contact man” between the two organizations. 


At ‘the time ‘that were going forward, a section 


elation was maintained at all times between the design si section the 
laboratory. ‘The hydraulic” ‘model xperiments Were considered as 


the « course of 


we were than run to check sak the tentative ag 


warranted 

of test data beyond of a specific design 

- obtain information of more general applicability ; but the severe time limi- AG 
made i t necessary to dismantle each model replace it 


another one viens as the ‘particular problem was sufficiently clarified. 


Engr., North Atlantic Div. 
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e made in cases existing models 


little no alteration for preliminary similar. 


Table showing the cost of labor and materials involved in the model. 


sting, is known to be accurate, as” a strict system of accounting was | 

stablished as basis of | approving bills for the work. The o over- -head 
shane of 40% are reasonably representative | of the actual over-head costs q 
total the hydraulic” model work, including -over-| -head, was 


$42 000, or an average cost of about $4 000 ) per model. The 


of the fourteen reservoirs of the Muskingum p ree “was 
$23 000 000, so that the cost of the hydraulic model testing 


4 


was ‘slightly less than 0. 2% of the project cost, | Although hydraulic experi- 


ments were made for only eleven of the dams, the e results were us sed on all. is 
3 fourteen. The writer feels that the expenditure was more than justified by — 


the beginning of the “hydraulic ‘little information wa 
available about action in and “channels. 


rales’ were developed and. the of oiling asins w was gradually 
‘mastered. Two models of the -outle structure the Wills Creek twin 
conduit were built before a ‘satisfactory solution was. found; but the largest 


part of this cost: should be distributed among the other dams, since all 
the later designs benefited by these first “experiments. The designs of the 


Mohawk and Bolivar r outlet works, also” twin- -conduit t structures, gave such 


surprisingly good check results” ‘during the model tests that it was found 
unnecessary to perform experiments on the Beach City structure, which is 


in principle the same as Wills Creek layout. The cost of the Mohawk 


tests” was | relatively high, due to the completeness with which the intake 


structure and the conduit system were reproduced in the model. 


The experience with the small, single- -conduit outlets was similar to that 


the large twin-conduit structures. The Tappen. ‘and Clendening ‘ou 


lets treated very completely the experimental work, numerous 


were made these models. The ‘stilling- basin designs for Piedmont 
Pleasant ‘Hill were based on ‘these experimental findings, when 


tested in the models gave: such close e check on the original designs that it 
ay felt that the Leesville and Atwood structures could safely be eliminated 


from the. experimental program. The Telatively high cost figures for the 


hydraulic experimental work for the Charles Mill, Dover, Mohicansville, and 

sant ‘Hill structures are due to the | fact that the spillways: were included 

hese ‘models and ‘that the design problems were of an intricate nature. . 

use of the stilling- basin “apron at the ends of 


te 
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KNAPPEN ON MUSKINGUM /WATER- SHED Discussions 


to tin 


‘bak instance, if the tunnel had been raised to the required invert elevation to 
avoid” the use of the hump, the crown 1 would have broken through a hard 
"sandstone into soft shale which would “have required ¢ timbering the tunnel 

worthy ‘of note, that the hydraulic jump at Clendening is 
Bir by the hump in the stilling- basin apron ; without i it » unsatisfactory stilling 
would have to be expected under the prevailing conditions of 
tail- water. In n the case of the work at ‘Tappan, plans and specifications 
a fz issued, and the construction was started in advance of the ie 
the hydraulic experiments. of this, ‘it was” not feasible to make 
the modifications | indicated by studies. _ The model experiments 


showed that an could be expected in the wader ‘certain 


width, whereas under more ‘eonditions ‘this eddy ‘would not 
The writer was fortunate enough to see both these conditions reproduced 


in the ‘prototype in the sy spring of 1936, after having: witnessed the _condi- 

in the m odel. A very close | “agreement between behavior ‘of model 


During the 1987 flood, the “Muskingum: Conservancy District was unable, 

because of legal difficulties, to close 2 any of the gates for regulation, that 
even considerable outflows, discharge heads _Telatively small: and 
tail-water levels were. higher than normal, due to the small controlling 
effect of the reservoirs. Thus , stilling-basins during this: flood were 
ject to an extreme at and very unusual test. all cases the 


jump developed very close. to the exit portal. condition of | 
outflow with low kinetic energy and high tail- -water is difficult of proper 


treatment in the design, due to the proximity of unbalanced hydraulic: 
jump conditions, but the structures acted remarkably “we under this test. 
comparison with the hydraulic model work, it may be ‘stated herein 
that the “appearance of the ‘stilling p performance in the ac actual structures 

far better found ‘similar ix the model 
teste, Various “small” and rather unimportant flow details that had been 
‘observed 0 on n the models v were Teproduced i in the ‘actual structures in 
‘interesting “point by model | tests was that the flare 
of the side-walls and the width| of the stilling- basin should be limited 
the best hydraulic-j -jump action. was borne out by a 
of the action of the Wills Creek and Mohawk Dams during the 1937 flood 

(Figs. i and 12). their general layout these outlet structures have 

much in common, both having large twin conduits. The length of the 

Wills Creek ‘Basin was’ limited by the dropping off of the rock formation 

_ under the far end of the right- basin wall. Its sloping apron is s slightly 100 F | 


reget and ‘the basin width required to reduce the exit velocity to safe limits 
jump action. I Fig. 11 shows the 


Ore 
= Cre 
fro 
the 
= 
by 
baf 
a stil 
wa 
‘ae 
— 
sul 
— 
— an 
— 
— 
— 
EN 
an 
de 
q 
ay 
4 
ES 


¢ ON MUSKINGUM -WATER- SHED 
Dam discharging about 15000 - or 7500 cu ft ‘per sec 
from each conduit, during the . January, flood. The | back rolls along 
each side- wall, induced by the departure from ideal conditions described 
previously, plainly ‘visite. Fig. 12 shows the Mohawk Dam during 
the ‘same flood, discharging about 000 cu ft ‘per sec ec under similar 
The like to emphasize the effect of baffle- described 
by the authors. The model studies showed d repeatedly that properly located a | 
stabilize the jump action, “permit the use of “somewhat shorter 
-basins, and provide a factor safety against unforeseen 


2. A controlling influence in the design of outlet structures is the correc _— 


of the _tail- water conditions, The writer 


by the Muskingum model. studies, with the importance of 


survey data from which to to compute rating curves below dam sites. 
The authors are to congratulated on presenting this excellent paper, 


F 

the method ‘of, model they suggest, the “cost data, 

_Tnust be with caution, as they are representative of a project 


ing a large | number of structures. — Had the model works not been grouped 
in a continuous program, the costs would have been n probably, 25% to 0 50% : 


greater. The writer feels that the expenditure “more justified — 


and helioves that the engineering budget for a similar sent should include 4 «f! 


an allowance for model tests as part “of and warranted 
‘The writer concludes from on the Muskingum p 
2 Sahel tests of this type should not be considered as a full substitute 


for careful analytical « design. In combining, properly, hydraulic model 


experiments with» theoretical | methods, f feasible solution of f hydraulic prob- 

‘may be obtained: at a minimum engineering ‘cost. ice: 

= should use ‘the model technique where the laws rs hydraulics a 


h rodynamics are insufficiently known or their application excessively 


complicated. hydraulic problems affecting the design of -Teservoir 
outlet work are so involved that it is only by the most careful use of all 
lable methods of attack that acceptable results can a be obtain d. 
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Berrwer Asoo. ML “Am, Soa. ©. E. “letter).* 


simple and explicit, “this valuable paper is easy to. follow. arty actual trial 
the geometric method should “convince “most engineers that. 


textbook ‘treatment of many problems (particularly arch is cum- 
bersome and to ‘The 


ith trusses, ‘Mr. Hall shows. Although it is. convenient 


compute the deflections of flexural ‘sections by geometry, in this” ‘ease the 
geometric method is also, essentially, the method of elastic weights, since 


the elastic: weight of an element of an elastic rib may be ‘defined he 


angular distortion caused by application of a unit ‘couple to ‘ 


that elemen ‘Unfortunately, however, the method of elastic weights 
to be completely identified | with the conjugate beam convention in 
“minds of many engineers, and, hence, it may be the adoption 
For some time 

arch, found | ‘this process to be simpler and shorter than any 


pat ther, unless one uses a definite mathematical arch such as that developed 
by ‘Charles S. Whitney, Am. Soc. C. For designers ‘who take 
i “account, ‘in arch design, ‘might be explained that 


nay neluded quite in the method. For 


—The paper by David B. Hall, Assoc, M. Am. Soe. C. E., ‘was published in 
December, Proceedings. Discussion on this paper has appeared in as 
follows : February, 1937, by Messrs, A. J. McCaw, and L. BH. Grinter; and April, 1937 2 
Associate Civ. Engr., U. 8S. Bureau of Public San Francisco, 
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recorded." Then a single of the vertical 


“components provide the corrections to the vertical ‘deflections: 
division points, “and the total of the horizontal ‘components gives 


o the horizontal ‘movement of the hinge point. 

analysis of t the "unsymmetrical beam of 10(c) i 13 
the results: may be reached with e equal facility by adhering 


the general method—the "mathematical equivalent of mechanical 
method. Inv analysis may be made removing 


for the evaluation of the constants ‘of the. distribution method; 


it i is only necessary to remember ‘their definitions. This “process i is 
exemplified Table 6 by an analysis for one end ‘of the unsymmetrical — 


ait 


beam used by ‘the author. (In ‘Table 6, n addition: to the notation of the a 


oe 


he at division of | of th e beam twe and two 


peepee mo Briefly, the correct | influence values, found by any process of 


BS finite summation, occur only ‘at the | divisions between the finite elements— 


ot at their centers. . The writer realizes that it is “unnecessary to secure 


extremely accurate 1 results because of the designer’ 's many assumptions, 


such as “magnitude of the live load and impact forces, » the degree of 


lasticity of reinforced concrete members, and the effect of reinforcing 


pi 
steel in n such n members. — Nevertheless, it is ‘apparent that the results sought 
re the angular distortion of the element the deflection of one end 


the tangent a the other. first is the product of ‘the moment 


the “elastic weight, and the second is the ‘Product of ‘the angular 
distortion and the distance the instantaneous center of rotation to 
the face of element. Hence, one can “calculate true deflections only 


at the division points between the elements. - the: graphical solution 
his means the true influence curve is tangent to the equilibrium 


polygon at the division points between the ‘beam elements. (Column a) 
of Table 6t account of this, and it ‘is apparent that the extra labor 


In ‘Column (13), ‘Table 6, are from an analytical solu 


ion of ‘the “same. e beam, taking” into “account all refinements: except shear 


division ‘these “values” are considered comparatively ‘exact, “the: 
error of. the writer’s approximate solution is only about one-half as great 


as which ‘results from using ‘points at t the centers of the ele 


Tents. The error of the author’s ‘solution is small, however, this 
; be attributed to his used rather short divisions of the b 


| 
— 
— 
— 
4 
‘a 
- 
aa 
— 
BS. 


9060°T = X 62908'0 = 


ssio ns 


| = A 10 ‘2068810 = = A ae 


So 
| 
a 


“Al 


aa 


N BY 


$20°0T 


3 


Oo 


a an 
| 


~~ 

oA 


| 


= 
& 
= 


re 
6 


| Uveu = 


N 


a 


| -9 


2 = 8 © © s = 
— t= 
BE | 
ii 


es well to 


=" of “the e element is w 
parallel | bases divided by the square of their product, 

the reciprocal of the cube of the depth at the mid- -point. For example, if the 
larger base is times the smaller, computations are made 
in the ordinary manner, the ‘error in the location of the elastic center | 
element is 6.55% of the length of the element, and the error in ‘the 

value > of the elastic weight is 2.46 per cent. The ratio of 1.25 between 


bases is not ‘uncommon, and is slightly exceeded in the author’s example. 


The problem is still further complicated ‘because the instantaneous | center 
of rotation developed in each element by the vertical force at the end bis 
4 is not at the center of gravity of the infinitesimal elastic weights, but at. 
the center of gravity of the infinitesimal angle changes caused 
: force. This shift in the center of rotation, when a shear causes the -‘mo- 


in the element (that is, when the moment is ‘not constant through- 


the element), is not usually large except for the one two elements 
adjacent to vertical force is applied. Tn the writer’ 
solution of the author’s example, shift is 0. 51 for Element A- 1 


= 0.18 ft for Element 1-2. It is a simple m matter to use the correct 
elastic weights, the variations i in | their location “would indicate that 
a graphical solution, in which the equilibrium. polygon to the 
elastic line of the beam, would provide greater accuracy with | less 
than the solution. However, an_ analytical: solution taking all 
these refinements into account: is not too lengthy computing machine 


available. In “fact, in this instance onky two more operations ‘would 


have been “necessary to include the effect of the shearing» distortion. 
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LECTION BY GEOMETRY 95 

finements used in obtaining the “exact” 4 

Consider the fundamental elastic prop- iia” 

It may be shown that the center of 

Phts is at the intersection of the diagonals, 
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By Messrs. WILLIAM P. KIMBALL, I. M. -NELIDOv, GEORGE 


s long as 


is ae the of vertiva) ‘stresses in 


‘soil underlying foundations, : accurate short- cut methods of ‘applying the equa- 
tion to actual problems will be of value to the soil engineer. In his paper 


3 the author has provided such | a tool. . The writer has had many occasions ing 


ble for the solution of most stress-distribution | 


To illustrate the application — of the method the author has shown the 


analysis of stresses under the centers of individual spread footings supporting» 
different of to which the method is equally 


case it is “not enough | to find the stresses at various 
the center of the area. The net settlement of a bridge pier due to the con- 


cA ‘solidation of the underlying soil must be caused by the average stresses under 
the loaded a area rather than by the maximum “Stresses v which occur, _ at least 
ata distance below the loaded area, under the center of the area. . The deter- 


mination of the average stresses at various elevations under the loaded area 
becomes necessary. Using the ‘Pressure chart for = = lo ft Fig. the 


J 
he contours, are shown in Whe: 6. Fre rom. these ‘euintours it : 


simple matter 1 to compute, with satisfactory accuracy, the average 
the entire area. In this ‘particular instance the average stress was 


_Nore.—The paper by Donald M. Burmister, Assoc. M. Am. Soc. c. B., , was published — 

. January, 1937, Proceedings. This discussion is printed in Proceedings in order that — 
he views expressed may be brought before all members for further discussion of the paper. 
 TAsst. Prof. of Civ. Eng., Thayer School of Civ. tras Dartmouth Coll., Hanover, N. H. 
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ound to be 0.500 ton per ‘sq ft, as s compared with the maximum center ‘titan 


Tons 0.696 ton per sq ft. T he difference between the stress under the center and ~ 
the average stress decreases, of course, as. the distance below the loaded area 


_ inereases, and the limit beyond which it is not necessary to compute the > 


ae 
erage stress can be determined readily by — | 


—VERTICAL aT z=10 Frer 
20-Foot By 20-Foor LoaDED AREA 
4. 
An additonal short- cut used 3 in certain cases bee 
viously suggested’ 


n \n equivalent circular a area to tc 20 by. 20-ft square ang a a diameter of 22. 5 ft. 


Substituting t the | proper values in Equation (8) of the paper a , center stress 
of 0. ae ton per sq ft is obtained for ‘= = 10 ft. _ This compares favorably 


Whether this approximation : is accurate in n any case can 
only be determined from experience. 


ing questions to ‘the distribution of pressure the “upper ‘Strate of 


foundations, 


Received Secretary 4, 1937 
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ing of time. The acc ow the londed. . increases, but — 
a substantial saving distance below the loaded 
auite apparently, as t * 
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soils under load, ‘the writer 


Reference Line for 
Uniform Load 


BS. the but varies linearly. In this case the pressure 


addition to the Pa is is 


pressure at Point A, in tons per square foot; pe. and are correspond-— 


the pressure duet uniform and non-uniform loading; tan is the 
slope” of the linear variation of ‘the stress taken n normally to_ the line of 
2 mero stress due to bending only, in tons per ¢ cubic foot (see ‘Fig. 1); ; and 
and les are the ‘projection of the ar are of ‘radius, r, intercepted 
To determine ‘the pressure, po, Fig. 8 is constructed similarly 
to Fig. 3. _ This is done by taking as abscissas the radii, r, and laying 2 
out the distances, Te, to the left of the point” of intersection of the arc 
eorresponding to fe with the line of abscissas, and erecting perpendiculars: 


. The distances, le, are selected So as to 


give even intervals: of load, Pew with tani = 1. this manner, 


4 
— wishes to apni 
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= between r 


cos 
Ib order to compute the pressure, pz, th 
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_ Fie, 8.—CHART FOR DETERMINATION OF VAL 


chart (Fig. 8) so that Line 


A) 


13.14 15 16 17 18 


* 


of zero bending stress is 


i, 


= 116 to 
uniform pre ssure 


ssu 


s are read 


order to 


0.15 


res, Pz, at 
ft in the 


“Be: May, 1 tons per analytically Tin, 
| 
| SOK — 
2 
Point O is lc ares in pressures, 
he chart, and per" along the negative pressu essure 
ted 180° res m by 10 fi the line bo 
again, values of Pex rectangular fo tan = 0.15; f the footing 
consider a ons per sq ft; f symmetry of t 
For m_pressure_is inclined to the axi to find 
an any ith the (Fic. 7). to 
te sys a, — p | pressure at and. the 
co-ordinate 8} y of the un pressure 3; and, the 
he intensity of ft; the total aid of Fig ing to the — 


BENEATH FOU Discussions 
= 1.75 (0.0 0015 + 0.0025 0.0028 0.0080 +4 0.0029 + 0.0097 
0.0024 + 0.0022 + 0.0019 0. 0006 + 0.0003) + (0.0083 0.0045 
0048 0. 0047 0044 0041 + .0, 0033 0.00 0016 + 0. 0008 
+ 0.0004. + 0.0001) = 1. 15 xX 0. 0541 = 0. 0946 ‘ton per sq ft. 
: The "compressed part of the footing is shown in Fig. 8 in full lines, ; 
and the tension part is shown in d dotted | lines. _ The angle of inclination 
of the axis” of symmetry with the base line « of the chart i sp =. =, 90 
degrees. The ‘pressure due ‘non- uniform ‘stresses will similarly to 


> Peo = 0.15 (0.0040 — 0. 0010) + + (0.0100 — = 0002) - + 0. 0160 a 0.0205 


a4 0.0230 0250 0.0250 0250 — 0. 0230 — 0. 


0. 1206 ton per sq. 
| considered, the ‘pressure at Point A would De = Pn x 0. 1.0541 
This method may be applied to the computation of pressures caused by 
continuons non- -uniform loadings, such as earth- fill or Tock- fill gravity 
ms, 


the is a labor- “saving. 


te OS 


% 
"determining pressures and their manner distribution 
‘beneath foundations» makes it necessary that formulas. ‘Covering 


“paper is “a ‘the right direction. ‘It is” “that: the ex exact 


determination of ‘the distribution is not necessary ; as a matter of fact, 

resent Imowledge as to the nature of foundation materials not yet 


pressu ure at a given ‘point 
to the total applied surface load, is the radius of | the circle 
surface load. A family of spherical surfaces i given by ‘Equation 
all tangent at the point of loading. Bie 9 ‘ives of such 
loci, Fig. 9(a) being plotted by the 
question of the partition of concentrated load 
areas _to correct distribution becomes. important at points 


‘close to the load. Professor. A. E. H. Love a th 


Spencer & Ross, Inc. , Detroit, Mich. eat. 
19a Received the 1937. 
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if 
distribution of ‘Pressures: beneath a rectangle, Fig The intensi 


at a ws to center of the rectangle 


Unit 


aul | |EQUATIONS 
ou 


in is the surface load per unit a. ‘The other terms are as 


follows value of V denotes a compressive 
(at x) 8: +O 


(a +2) 


w+ (126) 


hy 


Be 
— 
Be 


a 


| 


or greater or take 
of the ‘cosine corresponding. positive value of the fraction 


5 and subtract the angle » thus - found from 7. Symbols a, Day Coy and d& denote 
distances from the point to the four corners of the rectangle (see Fi ‘ig. 
10). Equations (9) to (13) fair for points directly under the edges of the ‘ 


rectangle. | such points select points just outside the projections of 


It may be interesting to observe how “many subdivisions are required, 

ye using the Boussinesq formula, to approximate the vs values as obtained fi from 

(9). Select a of points: directly below the center of 

the rectangle, ; x = =y= 0, and assume that a = 5; b = 8; and p= 7 The f 


area of the rectangle is 60 ‘units, and the total load, Py in the — 


TABLE 5.—CoMPARISON OF PRESSURE InTensitTIEs 


> 


“Table shows the 


into one, four, and ‘eight It that a ‘single 


centration may be assumed for the ‘rectangular: distribution 
point in question is at least 10 ft below the surface. 


The writer feels that the method of plane sections as covered in 
Progress Rept., Special 


ta 
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— 
— 
— 
— 
— 
tt 
zB 
— 
— 


report of "Earths and Foundations, is an extremely 

useful one in considering the effect of a group of pier loads on the deeper — 


"strata. A uniform distribution of load be taken as the equivalent: 


of the» _ various” piers and the simple formulas given in the report may 
be to determine the vertical loadings at the depths required. ‘The 


"prediction of settlement t from an an analysis made in this manner will be 
exact enough in every sense, to make a complete study of the 

JACOB Fep,” M. Am. Soo. C. E. (by letter) “—The graphical interpre- 
ion by Professor Burmister, of the integration of pressure distribu- 
tions over volumes below the loaded areas is a time- saving tool, which | does — 


not reduce th the “accuracy of method. However, ‘it is important that 


one who uses it knows the imitations of the theory and does s not expect 
a result more accurate than tedious analytical 


properly, the author distinguishes between problems of “dis- 


urbed- one” and deeper layers as al an of 


B 


* zone.” but can be used for such determinations at greater depths. — igs Ng 
‘The careful reader will notice that the: theoretical load 


s not dependent upon the soil “characteristics. This is neither logical nor 
true. Under low stresses, the error "introduced by the assumption that all 


soils a are equal, is quantitatively small, because the numerical values 


Especially in the “disturbed zone” theory” that is, is, based on the 


‘and in must require ‘modifieation 
to the "numerical _exampl 


4 quite ‘safe the following conclusions: 


more, the of a poin Ac 
ing for the usual column footings gives pressure distributions porte 
numerically or graphically) w which as accurate the 
ee At lesser depths, _ if f the soil is of such nature that isotropic behavior 
cannot be expected, settlemer nts. will occur which cannot be perm rmitted. 
3 this case, loads are transmi tec to lower etter la 
Cons. Engr., New York, N.Y. 
~ ‘by the April 1937. 
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not isotropic. ‘The souls in deeper layers, under initial compression 
(before the additional loading) are often under such low stresses, that _iso- 
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ON PRESSURES BENE: ATH FOUNDATIONS 
At lesser depths, the soil is of such isotropic behavior 

can be expected, so small there is no problem. 


fee! te Tn all “these studies for ‘the e estimation o expected settlements, in addi- 


q tion to the nature of the soil, the designer often disregards the effect of | 


shape of the footings and edge resistance, as well as relative settlements 


unequal areas the | same load area. _ These effects 


peed 
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CIVIL 


TRUCTURAL “ANALYSIS. 


me 


PMR 


R. Soo. C. E. (by letter) valuable | con- 
station to tl the / subject of unloaded models is contained in this paper. | The 

involved in the determination of influence lines by unit -displace- 

ments of a | model have been somewhat difficult for some engineers 

This is particularly true of influence lines for ‘moment. The mathe- 
natical proof in Appendices I and IT alone is worthy of consideration. As 

a mathematical means of computing the numerical value of moment, shear, 3 
or thrust at. any section of a structure independent of. values obtained at 
any other section, the method is of additional note. When the loads are 7a. oe? 


- and stationary, such a mathematical solution might be more economical * 


some cases than a solution by mode 


Int the design of the catenary structures the terminal 

of the Illinois Central System, : ‘at Chicago, ‘the writer was” one of 
the first. users of the unloaded n model. ‘Since that time he ‘has never 
his enthusiasm for the method. As a means of helping students to ‘visualize 
Soe action of an indeterminate structure, the method is far superior to any 

other known to the writer. ‘It has had one serious objection, however, i 

the cost of sets for utilizing such models has been 
hibitive for the average individual | and smaller offices, writer hes 


long experimented with v 


of this: ‘miei. Bronze rod, of the 1 various. materials tried, has 


Eng., State Agri. coll., Corvallis, Ore. 
ceived by the Secretary March 1, — 
News-Record, December 
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"WEISS ox STRUCTURAL ANALYSIS. BASED ON UNLOADED MODELS Discussions 


thus far best: the is available in almost every 
‘to -welding, and the cost is s scarcely worth mentioning. 


Seraps of tin, ‘push pina, and a welding iron are the only” other equipment 


Fig. 20 shows: a lines « by welding wire 


beam of constant section ‘shown. The Shear clamp is the 


ment: suggested by Ray de Lancey, Jun. Am. Soc. E. It i s adjustable 


n a reasonable range of accuracy and is fabricated entirely of tin. The 
“necessary rotation for moment at interior sections is obtained by a tin 


clamp as shown, which, as in the case of the sheer clamp, be removed 
quickly from the wire. Since it was found impossible to fabricate the 

‘moment clamps to a predetermined angle within the ‘required accuracy, it 

ry to calibrate them after fabrication. 

as the author indicates, the deforma ition of ‘must 

very to error. Practically, ‘oven with relatively large d deforma-— 
‘tions, the writer feels that. results are ‘obtained well» within the “limits” 


pe 


warranted by the present knowledge of. “reactions, ‘elastic: properties of the 


usefulness, “this” an e ex 


— 
— 
— 

— a 
— 
Bethie 
"Fabricated Steel Constr.. Bethlehem Steel Co., Bethle- 


virtue | of Appendices I and II, this method may be considered as an 

ingenious ‘combination of Maxwell’s theorem with the slope 
it may be permissible to “compare it with the latter. Such a 


author \ was wise in “selecting ‘simple problems. “to illustrate. 


ethod; but because he ‘so he has “not really done his ‘method full 
justice. the certain which are not 


: author states: : “The stress at a any ‘section x may ~ 
knowing the moment, | shear, etc., 
“any other section.” _ This is indeed a great advantage. On the other 
word, &m 


= 


a 


are assumed free to 


the Slope deflection 


nown moments must 


7 
} 
fact may be a disadvantage at times. 
general, the proposed method will prove most valuable when 
: e. loads are movable; when stresses are wanted at only a few points; and ae 
when the number of loaded memberg ‘atively small. For example, 
in Fig. 21(a) all joints 
PY against translation. Suy 
Member AB, is desired. To obtain the answer 4 
Method, twelve unknown slopes and forty-two 


<a WEISS ON STRUCTURAL AN, Lae BASED ON UNLOADED MODELS Disdussions 4 


cepts the of one influence line are the only variables, "These 

unknown quantities obtainable from three > equations, of 

independent of each other. If Load P i is moving along” Member 

AB, one new influence As all: for 


each of the load. ou Therefore, this 
problem ii is obviously which | the “Proposed method may well be 


Fig. 21(b) represents 1 the ‘same frame, except that every 


panel is loaded and the moments at the end of every member -(forty- two. 
moments in all) are wanted. To obtain the answer by the ‘slope deflec- 


4 


tion method again involves fifty-four unknowns: and requires solution | 
of twelve simultaneous equations. obtain the answer by the proposed 


7 eighteen tangential intercepts and nine influence 


(twenty seven variables), are ‘required for each moment; a total, there: 


fore, of 27 42 = 1184 unknown quantities must be computed. - It is 

true, these unknowns are largely independent of each other. In this case, 
¢ choice of method will | be. primarily a matter of ‘individual 
foregoing comparison admittedly ‘crude. e. It implies at least two 
tacit assumptions, both erring probably in favor of the proposed 
The first assumption is that: the work ‘of computing the: constants: is 
oes. about the same for ‘the two methods. The ‘second assumption is “that only San 
one ordinate is wanted for each influence line; or, in other words, ea ach 


inf influence line is considered as only one ‘unknown quantity. * The example 
herein presented has not been selected as typical, but is in order 


to reveal the characteristics of the two methods. 

_ The author should b be commended for having expressed, in simple terms, 
the mutual relations existing between the coefficients of stiffness; for 


ing” separated the functions that are inherent in the frame from those 

governed by the load; and for having: expressed these in 


‘The expression for the ordinate the Tine of a 


graphical s solution and fare known, ‘Referring 
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Substituting Equations 61(a) a0) in Equation 61(c), the result 


is s expressed by the author as Equation (18) - To construct any point on “fe oF 


the curve of this formula, Jay off (a f) above End B, Fig. 22(a), 


(a’ above End & The closing line intersects the vertical, 
4 Point Projecting Point C horizontally Point Line CB _inter- 


sects the vertical through Point Y at Point J Projecting D to D’, 


DA intercepts s the ‘required ordinate, N, or on the vertical, Y. Proof 


construction can be obtained from ‘the similarity of triangles. ‘In this 


manner, Curve of Fig. . 22(6) can | be constructed . The of tl 
construction of the influence line i in ig. 22(b) is self- 


the ordinates of the elastic curve, 


Equation (5), ‘the intercept f, 
substituted for - — f) and 


‘Appendix II. —Re its e r ri ( 
Appendix II, Equations (30) are 
‘stated to be _ the formulas used in 


the: slope” deflection method, 


system ‘signs is different 


Le 


rom that ‘generally used.” 
i not in ‘agreement with 
Notation” : nor is stated, 


what convention has been adopted. 
_ The enlightening derivation of the | 


] formulas, pre- 
is an essen- 
tial part “paper and 
absence of a sign convention 


s. As in 
metic, | a a plus sign means “add” and = 
represents a 


aT 
Mas, at Enc | A. Apart from tem- Ms 

esses, this can be 


tour 


= 
“is — 
‘ 
| 
— 
| 
— 
— 

4 : 

m 
ak 

— 


ways illustrated in 23(b), 23(c), 23(d), and 23(e), in any 


of these four ways. oment at A can be obtained 


28(b). fi this moment is: 


ga 


us 


nts A and ‘B with Tespect t to each es so that Point 
rring to. 


23(d), it is immaterial whether Point B was moved or Point 
moved 1 up, or both points were moved. moment 


transverse loads on Member 4 B, to, dint: the moment of 
“their: resultant will tend to turn in a “clockwise direction | about, Point 
as in Fig. 23(e). The condition illustrated in Fig. 23(e) 3 is termed a 
“beam eg t both | ends.” if in is the end moment a at A for the given 


restraining to this end 
own proper- 
at is, the — that between two 
points and that 
the statical of area equals the tangential 


deviation. the law of superposition these four methods of creating 


a contraclockwise resisting moment at A are s additive, ‘therefore, if all four 


we the 


— in Fi 
— 

Displaci tion 
= 

= 

— 
— 
— 
— 

— — 
— 
— Equations (62) and writing K for 


all 


1987 


‘eontraclockwise, wal if there are no transverse loads: 


Equation (65) corresponds to the shown in Fig. 12, as expressed 
by Equation (30a), and indicates that the foregoing method of treating — 
slopes and deflections as purely numerical quantities, is apparently the 
convention adopted Appendix I. ‘convention is well: suited 
to the author's proposed method, ‘when deformation of direction 


It might be mentioned this” convention, although admirably 

adapted to the purposes of the author, _is not convenient when the slopes 

and deflections are “unknown in direction. This is why, in the pees deflec- 

tion method, it is ‘usual to assume that all” ‘rotations and deflections are 


in the same direction (clockwise), and only the. known content, 


s treated as an absolute ‘numerical quantity. When, after computation, cer- 
tain slopes and deflections | are found to be negative quantities, it means that 


directions are in reality opposite to the direction assumed, 


* Ine effect, , Equation | (64) is the slope deflection « equation, , without the use of i 


a em convention. r Introducing the convention that clockwise rotation is to 


a indicated by a “plus” ’ sign, and contraclockwise rotation by a minus” — 


sign, and ‘referring again to : 

(66a) 


Gat 


= 


will, be made e before the paper is printed 
On 1937, Procee edings, definition 


a 
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Obvious y, 1f any of the four methods « 
q restraining moment at A acts in a direction opposite to the direction shown oy bie iit 
Figs. 23(b) to 23(e), the corresponding moment must be subtracted instead 
of eing Jod i stance _ if End R_is r 2. ckwise instead of 
| 
_ 
| — 
The 


to! read “Equation in Line 2, below Fig. 


in ‘Equation (480) change | in ‘Fig. (0), 


* 


(37a) write ” for “Sy”; and in Equation (376), write: instead of 


say Let 


at 


bs: 
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"AMERICAN SOCIETY OF CIVIL ENGINEERS 


| STRESSES AROUND CIRCULAR HOLES 


C. P. VETTER, Am. Soc. C. 


P Verrer,” M. Au. ‘Soc. OE (by letter) ““—The analysis of stresses 


around a circular gallery i in a dam, presented in this paper, follows a 


of approach | somewhat different from that of previous investigations of the 


subject. Such further investigations are of considerable interest since 


os 


4 tend 1 to clarify the problem the minds of students and designers. 

The main value, however, Ties in ‘comparing results with that 
in emphasizing ‘differences. a1 and similarities, i indicating improve- 
i 


ment, if any, and in comparing the , differences in numerical values obtained oe 
by the different d comparison necessitates giving 
" ences to previous work, and such references are often the most valuable te 
of investigations | of this nature. author has given few such 
references and has made no such | comparisons. The subject has been ¢ dealt 


with: in detail by Mr. A. Brahtz, * and it is, therefore, worth investi- 


gating to what extent ‘Mr. Silverman has adde ed to present knowledge of the ar 


Hor The paper (see Fig. 1) traces the stresses in a section through « a circular” . ae 
bs hole in a bar subject to uniform tension and refers to the work of Profes- 23 Re 
Timoshenko.‘ In the book Professor Timoshenko gives” the 


ee complete. solution for stresses at any ‘point of the bar outside the circular oe 
opening as well as the proper reference to this -well- known Kirsch solution.” 


= 


_ || Nore.—The paper by I. K. Silverman, Jun, Am. Soc. C. B., was published in November, — 
1936, Proceedings. Discussion on this paper has appeared in Proceedings, as follows: 
February, 1937, by Messrs. R. D. Mindlin, and Chesley J. Posey; and April, 1937, by Messrs. : 
H. A. Brahtz, V. L. Fedorov, and F. W. Hamna. | 

® “Stresses and Reinforced Steel Around Circular. Openings in Concrete Dams,” ete, 

Technical Memorandum No. 457, U. 8S. Bureau of Reclamation, ‘memoranda of 


of Blasticity,” by 8. "Timoshenko, p. 


D. I., Vol. 42, 1898. 
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’s notation: 


é 


(1048) 


tension, Say in the bar i is herein assumed as is acting slong the x- “axis: 


2 
= cos 2 


+4)- 3 rt, 
2 : 


This solution has previously | been given by Mr. Brahtz. 


ical the co- -ordinate axes are chosen along the Tines of principal stresses, 


‘the stresses at any 1 “point around the hole. periphery 


ab 


= 

‘principal stresses in a ‘solid dam at a point of 


| 


the hole in the structure | under consideration. Rand. assumptions on which 


small, as with the other din 


ently or y assume 


— | 
If, in addition, the be Lit d by substit 
ag Y-axis. If, be obtained by sul 
total stress in any point may 
Ea 
= tr), = 
Ee 
— itly far removed 
— sufficiently far remo 
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the hole | is far away from the ‘boundaries of the dam, but not necessarily — + 
that it is very small. _ However, in order to bring his equations toa form 


which may be of practical use, the author assumes following Table 
should be noted in the body of his 
a Mr. Silverman does not state that this assumption lies” at the foundation of aay 
Equations (15) to. (117), inclusive, ‘The that + = 0 


puts “the author’s equations on par with Equations (105) 100), 
obtained from Kirsch’s solution, in that they are all based on the same 
assumptions. discussion of the effect of mass, aside from the effect on 
oy q the principal stresses | in the dam, would ‘appear to be a a wasted effort since the on e 
hits 


th 


from Equations (8) (22): 


center of the hole i in ‘the 


= 5481 p 


The angle of stress with, author’ 8 -axis is: 

TABLE: 8.—CoMPaRATIVE ( FROM ous 


all cases, values to multiplied by ph) 


by author | by | by author by 


1.6453 
+0: 
+0.6345 

—0'2049 

—1.7221 


~-values given in Table 3 are then ‘tained aud compared with 
‘Tt will be noted that. by the use of the : author’s | extremely unwieldy equations, 
numerical values | are ‘obtained which ‘differ only little from those ‘obtained 
from 1 Equations (106), and the writer is inclined to believe that the latter 
are just as ‘exact” the formulas given by Mr. 
are “exact enough” and very much simpler. 


See, also, Am. Soe. C, 
PD. 1247- 1248. 
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FLOW CHARACTERISTICS IN ELBOW 


ri 


By JEROME FEE, Assoc. M. ‘Soc. C. E. 


ces 


Jerome Fue,” Assoc. M. Am. Soc. C. E. (by letter important 


paper i is distinguished by the experimental technique displayed and the 


excellent | form in which the results presented. Apart from the epecial 


StH. 
‘The author refers to spiral flow as an important: factor. Because of 
‘its these ‘experiments and on diverse subjects, 


of this discussion is not to propose a new _explanation, but. to call 
attention to imperfections” the theories which been ‘advanced 


from ‘the time of of James” Thomson in 1876, to Albert Hinstein,” in 
1983, or L. Prandtl" in 1935. it is astonishing “how frequently this sub- 
ject has been referred to in scientific literature and how many outstanding 


the: layer of Wing bottom, friction much 
“retarded, has" much less centrifugal force in any bar of its particles extend- is? 


ing across the river ; and consequently it will flow sidewise along the 
, bottom towards the inner bank, and will, part of it at least, rise up * * *.” i 


Nors.—The paper by C. A. Mockmore, M. Am. Soc.:C. B., was published in 
1987, Proceedings. Discussion on the paper has appeared in Proceedings, as follows: April, 
1987, by F. T. Mavis, M. Am. Soc.C. 
Hydr. Engr. Designer, San Francisco Water Dept., an Francisco, Calif. 
Received by the Secretary March 15,1987. 
8 Numerals in parenthesis refer to corresponding numbers in of the paper, 
Proceedings, Am. Soc. C. E., February, p. 283. 
Vol. III, ‘161 Ser ten, W. F. Durand. 
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motion will occur i in radial planes, that is, “normal to. the general whirl- 
of the water. The writer wishes to take no undue liberties and would 


prefer to give ‘Professor Einstein’ 8 exact words, , but _ is restrained by” 


formidable phrasing of the copyright clause. Its should be mentioned 


Einstein was writing for ‘non- -technical readers, fal nd 


It can scarcely conceived that a: reduction in centrifugal force, 

= itself, will cause a particle to. move radially toward the center 
ats a curved path. | _ That would be equivalent to saying, “because of a reduc- 


tion in the force of gravity the particle started to rise.” 


this method of explaining spiral flow is quite omen. To cite one addi 


aa “The layers of water adjacent to the upper and lower sides” [actually 


the top cover and bottom of a closed vortex chamber] experience a break- — 
g effect due to the skin friction, and the resulting reduction in centrifugal — 
causes flow towards the center of the vortex.” bial aif 


Directing attention = given author i 


walls, ‘the velocity -Feduced; consequently, the the centrifugal force and, 
therefore, the pressure are reduced. — The writer would expect a high, ‘not 
a low pressure at Point d in conformity with the usual rule that high 
pressures go with low velocities. The validity o ule is proved in 


; 
an interesting m manner by comparing Figs. 6 and 7. » 


the various explanations of spiral flow which the writer 
examined, that of L. Prandtl® “seems nearest approach | to a correct 


solution. writer ‘regrets: that certain of Prandtl’s references are: not 


‘ave 


ments. performed, or about to be, performed, should, “after some 
time, permit the . definite quantitative determination o 

involved in the phenomena just described.” 


Prandtl finds ‘that: two distinet cases are involved. 
it, be illustrated by considering the curved 
open channel with’ but a rough | bottom. In ‘ile 


the pressure gradient at ‘the bottom is determined by the pressure gradient a 
vf the more freely flowing filaments immediately ‘above. differential 
“pressure on a bottom particle, not: being opposed 1 by as high a 


force as for those above, causes the particle to more ‘radially inward. 


‘In the ‘other case, the curved open channel should 
having a frictionless bottom, but rough curved sides. Prandtl considers _ 


in a 


2 “Investigation of the Thoma Counter Flow Brake”, by Richard Hein, Transactions 
Munich Univ., 8, pub. in 1935 Am. of Mech. Engrs. 
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Discussions 


that the p close to the "convex wall, by having velocity 


reduced, are “subject to lower centrifugal forces than adjacent fila- 
“ments: and tend to remain close to the wall. On the other hand, particles 
the concave wall, likewise subject to smaller centrifugal, forces than 
adjacent ‘particles, will be “pressed a1 away the wall 


Prandtle expresses these with ith such brevity that the writer feels 


justified in giving his interpretation, , for which he alone is responsible. 
The writer may have misconstrued or misundersto od the matter, but he 
is unable” to see how follows as a result, the 


rere 


in where | it is necessary in 1 order to explain 
to refer to a‘ ‘circulation” of a air about an airplane. account 
for this eizeulaticn thas been a matter of great difficulty. Ins a ‘perfect 
fluid, , circulation about: di an airplane wing would be impossible. In 
real, viscous fluid, to account for circulation by the simple 

he velocity is reduced ‘the boundary region is quite inadequate, 


aes writer is of ‘the opinion that. all attempts to explain the a 

‘distinguishing ‘component spiral flow), without reference to vortex 
filaments and surfaces: of discontinuity of flow, will ultimately rejected. 
The use here of the word, “vortex,” has reference not the entire 
phenomena of ‘circulation, but to the localized which 


One very interesting feature of the author’ study appears to have been 
the formation of two distinct types: of spiral flow. In one type the motion — 


is in circular paths with» the fastest moving particles, _ neglecting longi- 
tudinal “flow, farthest from the center, or approximately so . This is the. 


of "circulation, as the writer understands it, which Einstein and 


describe, and which may ¢ exist as one circulation or two. 
combined, as shown in 1. On the other hand, such spiral 


m “tree vortex” 


To revert’ to. the first- mentioned type, the writer has ‘before him the q 
“notes recently ‘use in a college class in hydrodynamics. 


velocity component being greatest at a point b between the center line and 


Ph 


the pipe wall, ‘decreasing toward ‘the center and wall.’ This is the 
specific reference the writer seen to the distribution. of velocities 


circulation in pipe bends. ‘Tt i is clear, that the distribution differs 


ae 
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j. centrifugal forces diminish as the velocity approaches zero, the 
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the 


boundary region at the outside of the b 


not 


= 


lary layer.” The writer believes that Msi within 
imPlics that pressure may mani believes that this is incorrect, as i — 
centrifugal f y manifest itself only as 
be regarded as specificati inuity expressing zero divergence shou 
o one interested in the subject of hy ational flow. 
ie, from both the theoretical appreciate the 
= 


